A neurophysiological and behavioural study on certain aspects of sensory perception in 'Ophiura ophiura' (L.) (Echinodermata, Ophiuroidea) by Moore, Andrew
  
A NEUROPHYSIOLOGICAL AND BEHAVIOURAL 
STUDY ON CERTAIN ASPECTS OF SENSORY 
PERCEPTION IN 'OPHIURA OPHIURA' (L.) 
(ECHINODERMATA, OPHIUROIDEA) 
 
Andrew Moore 
 
A Thesis Submitted for the Degree of PhD 
at the 
University of St Andrews 
 
 
  
1986 
Full metadata for this item is available in                                                                           
St Andrews Research Repository 
at: 
http://research-repository.st-andrews.ac.uk/ 
 
 
 
Please use this identifier to cite or link to this item: 
http://hdl.handle.net/10023/14553  
     
           
 
 
This item is protected by original copyright 
 
A NEUROPHIjSIOLOGICAL AND BEHAVIOURAL STUDY ON CEBTAIK 
ASPECTS OF_JSENSORY PERCEPTION IN O phiura o p h iu ra  (L«J_ 
(ECHINQDERMATA, OPHIUROIDEA).
BY
ANDREW MDORE
A th e s is  p resen ted  f o r  th e  degree o f  D o c to r o f  P h iloso p hy  
a t  the  U n iv e rs ity  o f  S t. Andrews.
G a tty  Marine L a b o ra to ry , 
U n iv e rs ity  o f S t.  Andrews.
September, 1985
a
ProQuest Number: 10167217
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10167217
Published by ProQuest LLO (2017). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLO.
ProQuest LLO.
789 East Eisenhower Parkway 
P.Q. Box 1346 
Ann Arbor, Ml 48106- 1346

ABSTRACT
ELectrophysioLogicaL recordings were made from the rad ia l  nerve 
cord of the b r i t t l e s t a r  Ophiura ophiura in response to s t imulat ion  
by cer ta in  environmental parameters. E x t ra c e l lu la r  suction  
electrodes attached to the ectoneural  port ion of  the ra d ia l  nerve 
cord recorded un i ta ry  po te n t ia ls  in response to photic ,  mechanical  
and chemical s t im ula t ion .  O^.oghjura is highly sensi t ive  to  re­
ductions in the ambient l ig h t  level  or shadow, the greatest  response 
being to the rapid onset of a dense shadow on the t i p  of the arm. 
P a r a l le l  behaviour studies ind ica te  that th is  same stimulus 
resulted in the cessation of any type of a c t i v i t y  in the unrestrained  
animal. The " f reez ing"  vf  the b r i t t l e s t a r s  movements at  the onset 
of such a shadow stimulus,  is suggested to be a means of escaping 
detect ion by a predator .  The range that the b r i t t l e s t a r  is  able 
to detect in the mechanical mode extends from the n e a r f ie ld  of  a 
v ib ra t in g  source, through the fa r  f i e l d  propagated pressure wave, 
to movement of the aquatic medium as a whole in the form of water 
currents.  The behavioural  responses of unrestrained animals to 
stimulat ion in the same frequency range is described.  The presence 
of an in teroreceptor  located w i th in  the spines,  which is  responsible  
fo r  some mechanical s e n s i t i v i t y  is in fe r red  from e lec trophys io log ica l  
recordings in response to the movement of ind iv idua l  arm spines.
Using neurophysiologicaI  techniques, O.^gghjura could be shown to
detect consis tent ly  a range of amino acids at concentrations as low 
-12as 2 X 10 M. as in the case of L-Leucine.  P a r a l l e l  behaviour 
experiments were inconsistent and indicate  the inadequacies of  using 
behavioural  c r i t e r i a  to demonstrate the sensory d iscr iminatory  
a b i l i t i e s  of echinoderms. An anatomical study of the podia,  spines 
and general surface of O^_oghjura using the scanning and transmission  
electron microscopes, describe various types of c i l i a t e d  c e l l s  which 
may function as receptors.  The re la t ionsh ip  of  these s t ructures  to  
the sensory a b i l i t i e s  of the b r i t t l e s t a r s  detected phy s io lo g ic a l ly  
is described.
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J R IR-QHJCTIO N
The echinoderm s a re  a w h o lly  m arine group o f an im a ls  
b a s ic a l ly  p e n ta ra d ia te  in  c o n s tru c t io n  and d e r iv e d  f ra n  
an o r ig in a l  b i l a t e r a l i t y .  Lack o f  any c e p h a liz a t io n  has 
re s u lte d  in  an e s s e n t ia l ly  n o n -c e n tra lis e d  nervous system 
and few o rg a n ize d  re c e p to r  o rgans. R eceptor s t ru c tu re s  
a re  p resen t b u t g e n e ra lly  w idespread  over much o f  the  
s u rfa c e , p od ia  and sp in e s  in  echinoderm s.
The nervous system i s  c ir c u m o ra lly  d isposed  w ith
e x te n s io n s  i n t o  th e  arms and am bulacra . I t  i s
s t r u c t u r a l l y  a r e la t i v e l y  s im p le  system w ith  much o f th e  
nervous i^s te m  r e ta in in g  a p o s i t io n  c lo s e  to  th e  
e p id e rm is . Some c o n c e n tra t io n  o f  th e  nervous e lem ents
has o ccu rre d  r e s u l t in g  i n  th e  fo rm a tio n  o f  th e  r a d ia l  
nerve  co rds and c irc u m o ra l nerve r in g .  The r a d ia l  nerve 
cords a re  s w o lle n  in  each arm segment to  fo rm  a g a n g lio n  
and a number o f  nerve  branches ex tend  to  in n e rv a te  the  
p od ia , sp in e s  and in teg u m e n t. The g a n g lia  c o n ta in  
e x te n s iv e  a re as  o f  n e u ro p ile  w h i ls t  th e  in te r g a n g l io n ic  
re g io n s  c o n s is t  o f  t r a c t s  o f f ib r e s  a lig n e d  i n  p a r a l le l .
D e sp ite  th e  r e la t iv e  ease w ith  w h ich  th e  nervous 
system can be reached, neu ro p h y s io lo g ic a l s tu d ie s  on 
echinoderm s a re  sca rce , (see Takahash i, 1964, Sandeman 
1965, M i l l o t t  and Okumura 1968, B inyon  and H a s le r  1970, 
P o d o l 's k i i  1972. T u f t  and G i l  le v  1985 ). T h is  has been
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due to  th e  an a l l  s iz e  o f echinoderm  neurones w hich  has 
made i t  a lm ost im p o s s ib le  to  re c o rd  e le c t r i c a l  a c t i v i t y  
from  s in g le  u n i ts  w i t h in  th e  nerve co rd s .
In  c o n tra s t  th e re  i s  a v e ry  la rg e  l i t e r a t u r e  on th e  
b eh a v io u r o f th e  phylum Echinoderm ata and t h i s  was 
rev iew ed  by Reese (1 9 6 6 ), A more re c e n t re v ie w  on th e  
subsequent w ork has n o t y e t  been c a r r ie d  o u t.  A g re a t
dea l o f a t te n t io n  has been devoted to  u s in g  changes in
b eh a v io u r to  m o n ito r  th e  sensory a b i l i t i e s  o f these 
a n im a ls  to  p e rc e iv e  t h e i r  env ironm en t. One aspect o f 
t h i s  re se a rch , namely chem orecep tion , has re c e n t ly  been 
rev iew ed by S loan  and Campbell (1982) who drew a t te n t io n  
to  th e  sometimes c o n t ra d ic to r y  and a lm o s t anecdo ta l
n a tu re  o f th e  e v idence .
However, Brehm (1977) w o rk in g  on th e  C a li fo rn ia n  
b r i t t l e s t a r  Q p h io p s ila  c a l l fo n n ic a  showed i t  was p o s s ib le  
to  re c o rd  u n i ta r y  p o te n t ia ls  from  th e  r a d ia l  nerve cord  
i n  response to  e le c t r i c a l  s t im u l i .  He a ls o  re p o r te d  th e  
presence o f e c to n e u ra l axons w i t h in  these  b r i t t l e s t a r s  
th a t  were la r g e r  th a n  those  p re sen t i n  th e  o th e r fo u r  
c la sse s  o f  echinoderm s and suggested t h a t  i t  was frcm  
these  the  a c t i v i t y  was re c o rd e d . T h is  was th e  f i r s t  
in d ic a t io n  o f  th e  p o s s ib i l i t i e s  o f  u s in g  o p h iu ro id
p re p a ra tio n s  f o r  th e  s tudy o f th e  neu ro p h y s io lo g y  o f 
echinoderm s.
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Subsequently  Stubbs and Cobb (1981, 1982) and Cobb 
and S tubbs (1981) c a r r ie d  ou t a d e ta ile d  ana tom ica l
in v e s t ig a t io n  on th e  nervous system o f a B r i t i s h  sp ec ies  
o f  b r i t t l e s t a r ,  0 .o p h iu ra  and showed th a t  i t  possesses a 
system o f g ia n t  f ib r e s  w i t h in  bo th  the  e c to n e u ra l and 
hyponeura l t is s u e  o f th e  nerve co rd . In  a d d it io n  S tubbs 
(1982a) c a r r ie d  o u t a p re lim in a ry  stu<ty, u s in g  s u c t io n  
e le c tro d e s , on th e  p h o t ic  response in  t h i s  sp e c ie s  and 
was a b le  to  re c o rd  b u rs ts  o f s in g le  u n i t  a c t i v i t y  from  
th e  e c to n e u ra l nervous system o f bo th  the  r a d ia l  nerve  
co rd  and th e  c irc u m o ra l nerve r in g  i n  response to  
in c re a s e  and decrease i n  th e  am bient l i g h t  le v e l .  T h is  
in d ic a te d  th a t  n e u ro p h ys io l o g ic a l s tu d ie s  on th e  sensory 
d is c r im in a to ry  a b i l i t i e s  o f o p h iu ro id s  were p o s s ib le  
u s in g  e x t r a c e l lu la r  s u c tio n  e le c tro d e s .
The work in  t h i s  th e s is  i s  concerned w ith  th e
a b i l i t i e s  o f  O ph iura  o p h iu ra  to  d e te c t v a r io u s  sensory 
param eters  commonly encounte red  i n  i t s  m arine  h a b i ta t .  
S im ple e x t r a c e l lu la r  s u c t io n  e le c tro d e s  a tta c h e d  to  th e  
e c to n e u ra l p o r t io n  o f th e  r a d ia l  nerve co rd  re co rd e d  th e  
responses o f  the  an im a l to  p h o t ic ,  chem ica l and 
m echan ica l s t im u la t io n .  The th e s is  i s  d iv id e d  in t o  fo u r  
ch a p te rs . The f i r s t  d ea ls  w ith  a d e ta ile d  s tudy  o f  the  
p h o t ic  response. The r e s u l t s  in d ic a te  th a t  th e  
b r i t t l e s t a r s  a re  h ig h ly  s e n s it iv e  to  any decrease i n  th e  
l i g h t  le v e l  and a complex b u rs t  o f  s in g le  'u n i t  a c t i v i t y
i s  re c o rd a b le  from  th e  r a d ia l  nerve cord to  th e  onse t o f
a shadow. The an im a ls  response to  shadows o f  d i f f e r i n g
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le n g th ,  d e n s ity  and ra te  o f  p ro d u c tio n  a re  d e sc r ib e d .
In c re a se s  in  th e  am bient l i g h t  le v e l ,  th e  l i g h t  'ON'
response, a re  a ls o  d e ta i le d .  0. o p h iu ra  i s  shown to  be 
most s e n s it iv e  to  deep shadows produced q u ic k ly  on the  
d is t a l  p o r t io n s  o f  th e  arms. P a r a l le l  s tu d ie s  on th e  
b e h a v io u r o f th e  o p h iu ro id  in  response to  shadow are
d e s c r ib e d  and show th a t  a l l  movement o f th e  an im a ls
im m e d ia te ly  ceases a t  th e  onse t o f th e  s t im u lu s . T h is  
' f r e e z in g *  i s  d iscu ssed  to g e th e r  w ith  th e  
neu ro p h y s io lo g ic a l r e s u l t s  and i s  suggested to  have 
e vo lved  as a a n t i- p r e d a to r  response, a means o f  escap ing  
d e te c t io n  from  la rg e  p re d a to rs  such as f l a t f i s h .
The second c h a p te r d e a ls  w ith  chem orecep tion .
R ecen tly  s e v e ra l w o rke rs  have examined th e  c o n s t i tu e n ts
o f  prey ite m s  th a t  a re  most p o te n t in  e l i c i t i n g  fe e d in g
b e h a v io u r i n  c e r ta in  ech inoderm s. ( Z a f i r io u  1972,
V a le n t in c ic  1973, 1979, Reimer and Reimer 1 97 5 ). Amino 
a c id s  i n  p a r t i c u la r  have been dem onstra ted to  re le a s e  
a p p e t i t iv e  b e h a v io u r. In  t h i s  c h a p te r 0 . o p h iu ra  i s  shown 
to  be h ig h ly  s e n s i t iv e  to  te n  amino a c id s  and B e ta ih e . 
The minimum th re s h o ld  o f  response i s  j^ow n  to  be 
c o n s is te n t between n e u ro p h y s io lo g ic a l p re p a ra t io n s  and 
d e te c t io n  o f  as l i t t l e  as 2 x 10 M. c o n c e n tra t io n  i s  
e x h ib ite d  f o r  th e  amino a c id  L -L e u c in e . B e h a v io u ra l 
e xpe rim en ts  show th a t  th e  response o f th e  b r i t t l e s t a r s  to  
th e  same minimum th re s h o ld s  o f amino a c id  c o n c e n tra t io n s , 
a re  however in c o n s is te n t  and emphasise th e  l im i t a t io n s  in  
u s in g  t h i s  approach to  d e f in e  th e  sensory d e s c r im in a to ry  
a b i l i t i e s  o f  ech inoderm s. The b e h a v io u r o f th e
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b r i t t l e s t a r s  to  the  in t r o d u c t io n  o f food  ite m s  in to  th e  
e xp e rim e n ta l tan ks  i s  d e s c r ib e d  and th e  r e s u l t s  show th a t  
d i f f e r e n t  responses o ccu r as th e  amount o f fo o d  p re sen t 
in c re a s e s . A h ie ra rc h y  o f  b e h a v io u r dependant upon the  
le v e l o f  s t im u lu s  in p u t  i s  th e re fo re  proposed.
The t h i r d  c h a p te r i s  a d e ta i le d  s tudy  o f the
mechano sensory a b i l i t i e s  o f  th e  b r i t t l e s t a r  and i t s  
response to  v a r io u s  f re q u e n c ie s  o f  v ib r a t io n ,  m agnitudes 
and ra te s  o f  movement o f  waves and w a te r  f lo w .  The
n e u ro p h y s io lo g ic a l r e s u l t s  in d ic a te  the  s e n s i t i v i t y  o f 
0 .o p h iu ra  to  movement w i t h in  th e  a q u a tic  env ironm en t. 
B e h a v io u ra l e xpe rim en ts  u s in g  com parable s t im u l i  diow 
th a t  d i f f e r e n t  responses o ccu r a t  d i f f e r e n t  le v e ls  o f 
s t im u lu s . In  gen e ra l th e  b r i t t l e s t a r s  a re  a t t r a c te d  to  
low  fre qu e ncy  v ib r a t io n s ,  and slow  movement o f  the  
s u rro u n d in g  w a te r . H igh fre qu e ncy  v ib r a t io n s  and 
d is tu rb a n c e s  c lo s e  to  th e  an im a ls  r e s u l t s  i n  th e  
'f r e e z in g *  o f  movement, s im i la r  to  th e  shadow response. 
T h is  i s  a g a in  suggested to  be as an a n t i- p r e d a to r  
response. E xpe rim en ts  on in d iv id u a l  l a t e r a l  sp ines
in d ic a te  th a t  rem oval o f th e  e p ith e liu m  and c e l l  su rface  
s t ru c tu re s  does no t d im in is h  n eu ro n a l a c t i v i t y  re co rd a b le  
from  th e  ra d ie il nerve co rd  in  response to  th e  movement o f 
these  sp in e s . T h is  i s  th e  f i r s t  p h y s io lo g ic a l evidence 
f o r  th e  presence o f an in te r o r e c e p to r  w i t h in  th e
echinoderm s. I t  i s  suggested t h a t  m o v ^ e n t w i t h in  th e  
env ironm ent i s  d e te c te d  by - th e  in te r o r e c e p to r  a f t e r  
p h y s ic a l d e f le c t io n  o f  th e  sp in e s . The p o s s ib i l i t y  th a t  
t h i s  p e rm its  th e  anim al to  p e rc e iv e  i t s  o r ie n ta t io n  in
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r e la t io n  to  th e  p h y s ic a l environm ent i s  d iscu ssed .
The la s t  c h a p te r i s  an a na tom ica l stucfy us in g  th e  
scann ing  and tra n s m is s io n  e le c tro n  m ic roscopes  o f th e  
p o d ia , sp in e s  and g e n e ra l su rfa ce  o f  th e  b r i t t l e s t a r .  I t  
d e s c r ib e s  p o s s ib le  re c e p to rs  lo c a te d  on these  s t ru c tu re s  
and r e la te s  th e  re c e p to rs  to  those d e s c r ib e d  in  o th e r 
sp e c ie s  o f  ech inoderm s and w ith  the  sensory a b i l i t i e s  o f 
0 . o p h iu ra  d e te c te d  p h y s io lo g ic a l ly .
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mm ÆIMâL: .COLLEQI.IQIi M D .  mmiENÆÇE.
O ph iu ra  o p h iu ra  i s  a sm a ll s u b t id a l b r i t t l e s t a r  
found  around th e  d io re s  o f  th e  M ed ite rranean , A t la n t ic ,  
E n g lis h  Channel, N orth  Sea and West B a l t i c .  I t  i s  common 
frcm  th e  lo w e r ^ o r e  down to  200M. on h a rd  sandy 
s u b s tra te s , u s u a lly  b u r ie d  w ith  o n ly  th e  arm t ip s  
extended in t o  th e  w a te r column. The d is c  d ia m e te r may 
range in  s iz e  from  2mms, up to  3.5oms. The m a jo r i t y  o f 
th e  specimens used in  t h i s  stucfy had a d is c  d ia m e te r o f 
between 1 .2 -1 .5cm. These were c o lle c te d  by beam t ra w l in  
th e  S t. Andrews Bay a re a , S co tla n d , frcm  a depth o f 
6 m e tre s . L a rg e r specimens w ith  d is c  d ia m e te rs  up to  
3.0cm, were s u p p lie d  by th e  U n iv e rs ity  M arine B io lo g ic a l 
S ta t io n ,  M i l lp o r t ,  I s le  o f  Cumbrae. In  th e  la b o ra to ry  
th e  a n im a ls  were m a in ta in e d  in  sand bottom ed c i r c u la t io n  
ta n ks  w ith  th e  w a te r tem pe ra tu re  between 4-1 O^C. and in  
t o t a l  da rkne ss . The b r i t t l e s t a r s  were fe d  e ve ry  2 -3  days 
w ith  th e  t is s u e  o f i ^ t i l u s  e d u l is . T h is  has been shown 
by Feder (1 9 8 1 ), to  be r e a d i ly  consumed by 0 .o p h iu ra  
under la b o ra to ry  c o n d it io n s .  M a in ta ined  in  t h i s  manner 
th e  a n im a ls  s u rv iv e d  in d e f in i t e l y .  A lthough  no da ta  was 
c o l le c te d ,  i t  was observed  th a t  th e  d is c  d ia m e te rs  
in c re a s e d  and some grow th  occured .
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THE BIOLOGY, AND LABORATORY OBSERVATIONS M  
THE BEHAVIOUR OEL OPHIURA OPHIURA.
There i s  l i t t l e  in fo rm a t io n  on th e  v a r io u s  a spec ts  
o f  th e  b io lo g y  o f 0 .o p h iu ra . Forbes (1841) d e s c r ib e d  th e  
sp ec ies  under th e  g e n e r ic  name O phiura  te x tu r a ta  and 
l i s t e d  a reas o f  common occurance around th e  c o a s ts  o f  
B r i t a in .  M ortensen (1927) a g a in  d e s c r ib e d  th e  an im a l and 
p ro v id e d  in fo rm a t io n  on i t s  ra te  o f g ro w th . Anim als 
reached sexua l m a tu r ity  a f t e r  two y e a rs  bu t to o k  th re e  o r 
p ro b a b ly  more y e a rs  to  reach f u l l  s iz e  a t  3 .5cm s. The 
b re e d in g  season i n  0 .o p h iu ra  occurs  d u r in g  th e  summer 
months around P lym outh ( N aras im ham urti 1933), w ith  p lu te i  
ta ke n  o f f  th e  B a l t i c  coas t o f Sweden i n  August and 
September by M ortensen (1 9 3 1 ). R ecen tly  Feder (1981) 
d e s c r ib e d  c e r ta in  a sp e c ts  o f  th e  fe e d in g  b io lo g y  o f  these 
b r i t t l e s t a r  c o l le c te d  o f f  th e  coast o f Denmark.
D u rin g  th e  p re s e n t 3 ye a r in v e s t ig a t io n ,  t r a w ls  to  
c o l le c t  specimens o f  0 .o p h iu ra  were c a r r ie d  o u t 
th ro u g h o u t th e  y e a r a t  a p p ro x im a te ly  4 week in t e r v a ls  
dependant upon w ea the r c o n d it io n s .  D u rin g  th e  w in te r  
months Novanber to  March, up to  60 specimens o f  the  
o p h iu ro id  were r e g u la r i l y  c o lle c te d  i n  each 20 m inu te  
t r a w l.  Throughout th e  re s t  o f th e  ye a r o n ly  1 o r 2 sm a ll 
a n im a ls : d is c  d ia m e te rs  < 5mms. were e v id e n t i n  each o f
th e  t r a w ls .  No success was ach ieved  i n  lo c a t in g  
0. o p h iu ra  i n  o th e r  a reas o f  the  Bay. W hether th e
mm ^  mm
i n a b i l i t y  to  c o l le c t  th e  an im al was due to  t h e i r  movement 
away from  th e  a re as  tra w le d  o r th e  an im a ls  b u ry in g  
them se lves deeper in  th e  sand and a v o id in g  c a p tu re  i s  no t 
known. Movements and m ig ra t io n s  re la te d  to  bo th  the  
b re ed in g  season and changes in  th e  fe e d in g  b eh a v io u r are  
known in  o th e r  ech inoderm s such as a s te ro id s  (Hewatt 
1937) and e c h in o id s  (Moore e t a l 1963). The i n a b i l i t y  to  
c o l le c t  th e  an im a l c o in c id e s  w ith  i t s  known b reed ing  
season (M ortensen 1927) and i t  i s  p o s s ib le  th a t  0 . o ph iu ra  
may aggregate  e lsew here  to  breed .
Fauna th a t  were commonly c o l le c te d  w ith  0 . o p h iu ra  in  
each t ra w l in c lu d e d  Pagurus bernha rdus. Ast e r ias. r.Ubens, 
JP ieurenectes plat,g.s.sa, Limaiida. lim anda. Maor.opipus
jd e ou ra to r and Crangon crangon. I t  may be presumed th a t  
these  sp ec ies  a re  p re se n t i n  th e  same a reas as the  
b r i t t l e s t a r s .  T h is  i s  suppo rted  by evidence from  Jones 
(1951) who dem onstra ted  th a t  i n  com m unities p resen t on 
s im i la r  s u b s tra te s  o f f  th e  I s le  o f Man, a l l  these  spec ies 
were encounte red  w ith  Q .o p h iu ra . P ,p la te s s a  and 
L .lim a n d a  a re  known to  p reda te  upon 0 . o p h iu ra  (Moore 
1982), b u t w he the r th e  o th e r spec ies  p re d a te  upon t h i s  
b r i t t l e s t a r  i s  n o t known. Specimens o f  0 ,oph iu ra  
c o l le c te d  by t r a w l showed ev idence  o f arm re g e n e ra tio n , 
in d ic a t in g  th a t  th e  lo s s  o f  p a r ts  o r w ho le  arms occured 
n a tu r a l ly .  The presence o f  o n ly  arms and arm t ip s  in  th e  
g u ts  o f  P .p la t te s a  (Moore 1982) suggest t h a t  p a r t ia l  
p re d a t io n  o f  th e  b r i t t l e s t a r s  may occu r.
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O b se rva tio n s  i n  th e  la b o ra to ry  on th e  b eh a v io u r o f 
0 . o p h iu ra  i n  sand b o tta n e d  ta n k s  showed th e  b r i t t l e s t a r  
to  be n e g a tiv e ly  p h o to ta x ic .  The b r i t t l e s t a r s  responded 
t o  unequel and sudden in c re a s e s  i n  i l lu m in a t io n  by 
b u ry in g  i t s e l f  i n  th e  sand o r  seek ing  a n o th e r darkened 
e n v iro m e n t. B u ry in g  b e h a v io u r in v o lv e d  sweeping sand 
a c ro ss  th e  d is c  a rea  by la t e r a l  f le x u r e  o f th e  arms o r by 
m oving downwards in t o  th e  s u b s tra te  u s in g  o n ly  i t s  
tu b e fe e t .  B u ry in g  was te rm in a te d  when th e  d is c  and a l l  
p a r ts  o f  th e  arms excep t th e  d is t a l  f i f t h ,  w h ich  extended 
in t o  th e  w a te r column were covered . The e x te n s io n  o f the  
arm t ip s  upwards was v e ry  common and c h a r a c te r is t ic  i n  
t h i s  an im a l when q u ie s c e n t.  T h is  b eh a v io u r i n  0. o p h iu ra  
has a ls o  been re p o r te d  by Feder (1981) and S tubbs 
(1 9 8 2 a ). The b r i t t l e s t a r s  rem ained i n  t h i s  p o s i t io n  
u n t i l  foo d  was in tro d u c e d  in t o  th e  ta n k  a t  w h ich  p o in t  
th e y  emerged to  fe e d . The d e ta i le d  fe e d in g  b e h a v io u r in  
t h i s  b r i t t l e s t a r  i s  d e s c r ib e d  on page 41 *
Specimens o f  th e  o p h iu ro id  from  w h ich  arms were
removed f o r  e x p e rim e n ta l purposes, showed no d e tr im e n ts il 
e f f e c t s  and re g e n e ra tio n  o f  th e  arms was e v id e n t i n  a l l  
cases a f t e r  a p e r io d  o f  two weeks. However no da ta  was 
c o l le c te d  i n  th e  p re s e n t study on th e  ra te s  o f
re g e n e ra tio n . P re v io us  w ork by Ze leny (1903 ,1905) has
shown th a t  th e  ra te  o f re g e n e ra tio n  i n  t h i s  a n im a l i s
f a s t e r  th e  g re a te r  th e  number o f arms removed.
CHAPTER 1 
RHQTOSENS.ITjy_ITY
INTRODUCTION
-  11 -
A number o f  echinoderm s a re  known to  respond to  
in c re a s e s  in  th e  am bient l i g h t  le v e l  by changes in  e i th e r  
th e  b e h a v io u r o f th e  whole a n im a l, (H a n d le r 1984) o r  
d is c re te  organs such as pod ia , ( M i l l o t t  1956) and
te n ta c le s  (Hess 1 9 1 5 ).Yoshida and M i l l o t t  (1959) have 
dem onstra ted th a t  th e  sp ines  o f  sea u rc h in s  respond to  
bo th  an in c re a s e  in  l i g h t ,  th e  ’ ON' response and a 
decrease i n  l i g h t ,  th e  ' OFF' response much o f  which i s  
rev iew ed  by Yoshida (1 9 6 6 ). A f u r t h e r  re v ie w  on th e  â
p h o to s e n s it iv i t y  o f  e c h in o id s  was c a r r ie d  o u t by M i l l o t t  Æ
"I
(1 9 7 5 ), b u t i t  p ro v id e d  l i t t l e  new in fo rm a t io n  on th e  |
s u b je c t.  *
S tubbs (1982a) c a r r ie d  ou t a p re l im in a ry  study on 
the  p h o t ic  response in  O phiura o p h iu ra  u s in g  s u c tio n  
e le c tro d e s  and was a b le  to  re c o rd  e le c t r o p h y s io lo g ic a l ly  
from  th e  r a d ia l  nerve  co rd  th e  responses o f  th e  an im al to  ^
l i g h t  ' ON' and l i g h t  ' OFF' s t im u l i .  S tubbs dem onstra ted 
th a t  th e  e x t r a c e l lu la r  responses to  l i g h t  'O FF ' s t im u l i  
co u ld  be reco rded  f o r  d u ra t io n s  o f  up to  25 seconds. He 
a ls o  showed th a t  th e  p a t te rn  o f  these  responses was ■
conducted to  a l l  o th e r  arms i n  a s u b s ta n t ia l ly  u n a lte re d  "
fo rm .
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Here a more d e ta ile d  in v e s t ig a t io n  o f  th e  0 io t i c  
response in  O ph iura  o p h iu ra  u s in g  e x t r a c e l lu la r  
te c h n iq u e s  i s  d e sc rib e d  w ith  p a r t i c u la r  emphasis on th e  
l i g h t  'O FF' o r the  shadow response as i t  i s  re fe r re d  to  
i n  t h i s  s tu d y . The n e u ro p h y s io l o g ic a l r e s u l t s  a re  
c o r r e la te d  w ith  th e  b eh a v io u r o f  th e  w ho le  an im al to  
in c re a s e s  in  i l lu m in a t io n  and th e  shadow s t im u lu s .
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MATERIALS AND METHODS.
E le o tr Q.phy s lo l  Qgy..
S in g le  arm p re p a ra t io n s  o f  the  e x p e rim e n ta l anim al 
were i n i t i a l l y  d is s e c te d  to  re v e a l the  r a d ia l  nerve  cord  
(R .N .C .) by removal o f  f i v e  o ra l p la te s  and a p o r t io n  o f 
th e  a d ja c e n t la t e r a l  p la te s .  Complete arms were chosen 
f o r  e xp e rim e n ta l purposes th a t  showed no s ig n s  o f 
re g e n e ra tio n . The arms were the n  im m o b iliz e d  i n  a 
perspex clamp o ra l s id e  uppermost and p la c e d  i n  fre s h  
seaw ater m a in ta in e d  a t  5°C . Each p re p a ra t io n  produced 
c o n s is te n t  responses f o r  up to  36 hou rs . R ecord ings were 
made u s in g  c o n v e n tio n a l p o ly th e n e  s u c tio n  e le c tro d e s  w ith  
t i p  d ia m e te rs  o f  100-300pm w h ich  were a tta c h e d  to  the  
in te r g a n g l io n ic  re g io n  o f  th e  e c to n e u ra l p o r t io n  o f  the  
R.N.C. The s ig n a l was a m p lif ie d  v ia  a N eu ro log  A.C. 
preamp. and d is p la y e d  on a T e k tro n ix  565 o s c il lo s c o p e . 
Permanent re co rd s  were made by re c o rd in g  th e  s ig n a l on to  
a c o n v e n tio n a l s te re o  c a s s e tte  and were p la yed  back v ia  a 
Sharp s te re o  c a s s e tte  deck (R T .1 0 ), The s ig n a ls  were 
th e n  f i lm e d  u s in g  a N ihon-Kohden o s c illo s c o p e  camera.
Each response was a n a lyse d  by p ass ing  th e  s ig n a l 
th rou g h  a N euro log  NL200 S p ike  T r ig g e r ,  a d is c r im in a to r  
f o r  nerve  s p ike s . Number and a m p litu d e  o f  reco rded  
s p ik e s  were computed i n  an e f f o r t  to  d is c r im in a te  s in g le  
u n i t s  a s s o c ia te d  w ith  p a r t i c u la r  s t im u lu s  th re s h o ld s . 
The la r g e s t  e x t r a c e l lu la r  s p ik e s  reco rded  w ere  about 50pv
I
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and th e  In h e re n t no ise  le v e l  was about lO pv. The s ig n a l '
from  th e  ta p e - re c o rd e r  was a m p lif ie d  by a fa c to r  o f 5
1b e fo re  th e  in p u t  to  th e  N euro log  NL200 sp ik e  t r ig g e r .  4
The a p e r tu re  was s e t e q u iv a le n t to  about a reco rded  8pv 
and s ix  se pa ra te  window h e ig h ts  from  a p p ro x im a te ly  
10pv-50pv g iv in g  s ix  sepa ra te  a p e rtu re s . The d ig i t a l  
o u tp u t was th e n  passed th rou g h  a N euro log  NL750 Averager 
t o  ana lyse  d is t r ib u t io n  and fre q u e n cy  o f  each o f  th e  s ix  
bands o f  sp ike  a m p litu d e s . C e r ta in  f a c to r s  need to  be 
accounted  f o r  when in t e r p r e t in g  e x t r a c e l lu la r ly  reco rded  
n eu ro n a l a c t i v i t y  in  te rm s o f a m p litu d e  and number o f  
u n i ts  p re sen t i n  th e  response. Summation o r c a n c e lla t io n  
o f  u n i ts  may occu r in  some cases. B inyon  and H a s le r 
(1970) in  t h e i r  s tudy on th e  s t a r f is h  r a d ia l  nerve  co rd  1
c o n s id e re d  th a t  a l l  th e  compound p o te n t ia ls  re co rd ed  were -2
th e  r e s u l t  o f  th e  summation o f  s m a lle r u n i ts .  Due to  the  
re c o rd in g  c o n d it io n s  s in g le  a c t io n  p o te n t ia ls  d e r iv e d  
fro m  a s in g le  neuron may appear b i -  o r t r ip h a s ic  and i f  
so w i l l  produce an a d d it iv e  e f fe c t  and d is t o r t  th e  number |
o f  in te rm e d ia te  sp ike s  e s p e c ia l ly  a t  h ig h  fre q u e n c ie s  o f^ 
f i r i n g .  The sp ike  a m p litu d e  d is c r im in a t io n  appa ra tus  
used to  a na lyse  responses i n  t h i s  s tudy was a b le  to  
d is c r im in a te  u n i ts  f i r i n g  a t  h ig h  fre q u e n c ie s  (K H z).
A n a ly s is  o f  h ig h  speed f i lm  o f  re c o rd in g s  were made and 
showed th a t  th e  m a jo r i t y  o f  sp ike s  were d is c re te .  (see 
F ig .  1 ) .  A n a ly s is  o f  such sp ike  t r a in s  showed th a t  o n ly  4
w i t h in  th e  i n i t i a l  h ig h  fre qu e ncy  b u rs ts  o f  th e  lo n g e r 
d u ra t io n  - responses was th e re  some ev idence  f o r  
summation. I n t r a c e l lu la r  re c o rd in g s  made s im u lta n e o u s ly  
w ith  those  re co rd e d  e x t r a c e l lu la r ly  (Cobb p e rs . comm.)
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show a c o n s is te n t  one to  one c o r r e la t io n  o f  s p ik e s . 
Summation was th u s  n o t cons ide red  an im p o r ta n t fa c to r  in  
th e  a n a ly s is  o f  sp ike  t r a in s .
E xpe rim en ta l P rocedure .
The p h o t ic  s t im u lu s  was p resen ted  to  th e  o ra l s id e  
o f  th e  d is t a l  f i v e  arm segments o f  th e  clamped 
p re p a ra t io n ,  i n  th e  form  o f  a l i g h t  sp o t 1 .5mm in  
d ia m e te r. The l i g h t  source was a 1 .2V le n s  t ip p e d  b u lb  
ru n  fro m  a s in g le  c e l l  o f  a N ife  B a t te ry  v ia  a 2mm. 
d ia m e te r f i b r e  o p t ic  ca b le  (B a rr  and S tro u d  L t d ) .  S tubbs 
(1982a) q u a n t i f ie d  th e  l i g h t  le v e ls  d e te c ta b le  by t h i s  
s p e c ie s . In  these  expe rim en ts  no a tte m p ts  w ere made to  
q u a n t i fy  th e  l i g h t  le v e ls .  As lo n g  as 1 hou r was a llo w e d  
f o r  a c c lim a t io n  a t  th e  the  l i g h t  le v e l  used, c o n s is te n t 
r e s u l t s  were o b ta in e d . The ;^adow s t im u lu s  was produced 
u s in g  a s h u t te r  ^ s te m  between th e  l i g h t  source and th e  
f ib r e  o p t ic  c a b le , i n  c o n ju n c tio n  w ith  a T e k tro n ix  Type 
161 P u lse  G e n e ra to r. A shadow o f  d u ra t io n  o f  between 
10m.sec. and 10 seconds cou ld  be produced. A p e r io d  o f  
10 m in u te s  was a llo w e d  between each s t im u lu s  to  p re ven t 
h a b itu a t io n  o f  th e  response . A l l  e xp e rim e n ts  were 
c a r r ie d  o u t i n  t o t a l  da rkness .
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RESULTS.
A shadow produced on th e  arm t i p  re s u lte d  i n  a b u rs t 
o f  s in g le  u n i t  a c t i v i t y  th a t  was re c o rd a b le  from  th e  
R.N. C. o f the  b r i t t l e s t a r  ( F ig . la ) .  The response was 
c h a ra c te r iz e d  by an i n i t i a l  complex b u rs t  o f  sp ike s  
p re ce d in g  a t r a in  o f  s in g le  u n i t  p o te n t ia ls  w ith  evidence 
o f  a p a t te rn  o f  sp ike  b u rs ts .  The la r g e s t  sp ike s  
re co rd e d  were about 50pv w ith  the  in h e re n t no ise  le v e l 
about lO pv. B inyon  and H a s le r  (1970) in  t h e i r  work on 
th e  e le c tro p h y s io lo g y  o f  th e  s ta r f is h  R.N,C. m a in ta in e d  
th a t  th e  m a jo r ity  o f  sp ik e s  were th e  r e s u l t  o f  summation 
o f  a number o f s m a lle r  u n i ts .  Responses f i lm e d  a t  h ig h  
speed, showed th a t  th e  m a jo r i ty  o f th e  u n i ts  a re  d is c re te  
and n o t caused by summation ( F ig .1 b ) .  The responses, 
from  ove r 25 p re p a ra t io n s , were c o n s is te n t i n  th e  number, 
fre q u e n c y , a m p litu d e  and d u ra t io n  o f  p o te n t ia l  f o r  any 
g iv e n  shadow s t im u lu s  ( F ig .2 ) .  H a b itu a t io n  to  a 
0 .5  second l i g h t  'OFF* s t im u lu s  repea ted  a t  in t e r v a ls  o f  
1 second o ccu rre d  a f t e r  70 t r i a l s .  The s iz e  and number 
o f  sp ike s  decreased as th e  s t im u lu s  number in c re a s e d  from  
a complex b u rs t o f  p o te n t ia ls  o f  around 45pv to  two and 
sometimes s in g le  s p ik e s  o f  a m p litu d e  20pv ( F ig . 3 ) .
FIG . 1
a) T y p ic a l e x t r a c e l lu la r  response reco rded  fro m  
th e  r a d ia l  nerve  co rd  o f  0. o b h iu ra  to  a shadow 
s t im u lu s  (a r ro w ) . b) P a r t o f  th e  upper tra c e  
f i lm e d  a t  h ig h e r  speed shew ing t h a t  th e  m a jo r i ty  
o f  th e  s in g le  u n i ts  a re  d is c re te  and no t caused by 
summation o f  u n i ts .
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FIG. 2.
E x t r a c e l lu la r  re c o rd in g s  to  show c o n s is te n c y  
o f  response to  d i f f e r e n t  diadow d u ra t io n  s t im u l i ,  
(a r ro w ) .  Shadow d u ra t io n s  o f  a) 5 seconds,
b) 0 .7  second, o) 0.1 second.
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FIG. 3 .
Repeated shadow s t im u l i .  Responses reco rded  
to  a 0 .5  second shadow s t im u lu s  re p ea ted  a t  
in t e r v a ls  o f  1 second. The s iz e  and number o f 
sp ike s  i n  th e  responses decrease w ith  repea ted  
s t im u lu s .  L a rg e s t s p ik e s  a re  app rox. 40pv. 
Arrow marks th e  s t a r t  o f  s t im u la t io n .
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aWsw. Durati on.
E xperim en ts  were c a r r ie d  o u t to  examine the  
responses o f  th e  an im a l to  d i f f e r e n t  shadow d u ra tio n s . 
Shadow d u ra t io n s  ra n g in g  from  0 .03  seconds to  5 seconds 
produced, i n  25 sep e ra te  e xpe rim en ts , responses th a t  were 
c o n s is te n t  in  number, fre q u e n cy , s iz e  and d u ra t io n  o f 
s p ik in g  u n i t  f o r  each p a r t ic u la r  d u ra t io n  ( F ig .4 ) .  
S p ikes  o f  sm a ll a m p litu d e  were by f a r  th e  most numerous 
i n  a l l  responses ( F ig .5 ) .  The p a t te rn  o f  response 
o b ta in e d  to  a shadow d u ra t io n  o f 0 .7  seconds was s im i la r  
to  th e  i n i t i a l  0 .7  seconds o f a 5 second shadow in  much 
th e  same way as th e  p a t te rn  o f  response from  a 0 .1 s  
shadow s tim u lu s  resem bled th e  i n i t i a l  p a t te rn  o f  bo th  the  
5s and 0.7 second shadow responses ( F ig .2 ) .  No a c t i v i t y  
was e l i c i t e d  from  th e  R.N.C. to  shadow d u ra t io n s  o f  
below 0 .03  seconds. No response was re co rd ed  once the  
arm t i p  was re i l lu m in a te d .
Shadow D e n s ity .
The b r i t t l e s t a r s  a b i l i t y  to  d is c r im in a te  between 
shadows o f  d i f f e r i n g  d e n s it ie s  was exam ined. The shadow 
d e n s ity  has been d e fin e d  i n  t h i s  s tudy as th e  r e la t iv e  
am bient l i g h t  le v e l  produced on th e  s u rfa c e  o f the  arm 
t i p .  In c re a s in g  th e .d e n s ity  o f th e  shadow produced on 
th e  arm t i p ,  e l i c i t e d  an in c re a s e  in  th e  response 
re co rd ed  from  th e  R.N .C . o f  th e  a n im a ls . Shadows o f
FIG . 4 .
Responses reco rded  t o  a range o f  shadow 
d u ra t io n s  from  3 m il l is e c o n d s  to  5 seconds 
d u ra t io n .  Arrows in d ic a te  I n i t i a t i o n  o f  shadow 
s t im u lu s .
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FIG. 5 .
Graph showing t o t a l  number o f  sp ike s  i n  
response to  th re e  shadow le n g th s  c a lc u la te d  u s in g  
sp ike  a m p litu d e  d is c r im in a t io n .  The v a lu e s  on th e  
X -a x is  a re  a r b i ta r y  v a lu e s  o f  sp ike  h e ig h t  ra n g in g  
from  betwen 15 (maximum sp ike  h e ig h t)  to  2 .5  ( ju s t  
above ' n o is e * ) .  S p ikes were c la s s i f ie d  on 
a m p litu d e  reco rded  in t o  s ix  bands. V e r t ic a l  b a rs  
in d ic a te  S.D. N = 25 f o r  each shadow le n g th .
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FIG. 6 .
a) E x t r a c e l lu la r  responses reco rded  t o  in c re a s e d  
shadow d e n s ity .  The f i l t e r  number co rresponds to  
th e  number o f id e n t ic a l  n e u tra l d e n s ity  f i l t e r s  
in s e r te d  t o  produce th e  shadow. Arrow in d ic a te s  
p o in t  o f  shadow s t im u lu s , b) Number o f  sp ike s  
w i t h in  each response to  a shadow o f in c re a s in g  
d e n s ity .  T h is  was produced by in c re a s in g  th e  
number o f  n e u tra l d e n s ity  f i l t e r s  used and p lo t te d  
as a percen tage  o f th e  number o f s p ik e s  p re se n t i n  
a t o t a l  shadow response. The fo u r  p lo t s  re p re s e n t 
t y p ic a l  responses chosen from  ove r 15 s im i la r  
p re p a ra t io n s .
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in c re a s in g  d e n s ity  were o b ta in e d  by p la c in g  in c re a s in g  
numbers o f  n e u tra l d e n s ity  f i l t e r s  between th e  l i g h t  
source and th e  f i b r e  o p t ic  c a b le . The le v e l  o f  shadow 
was n o t q u a n t i f ie d  as th e  experim en t was in te n d e d  o n ly  to  
examine the  a n im a ls  a b i l i t y  to  d is c r im in a te  th e  r e la t iv e  
amounts o f  shadow produced.
Each shadow d e n s ity  produced a sp ike  t r a in  ( F ig .6) 
o f  s in g le  u n i t  a c t i v i t y .  The t o t a l  number and a m p litude  
o f  u n i ts  w i t h in  each 5 second response in c re a s e d  as th e  
f i l t e r  d e n s ity  and hence depth o f :±iadow in c re a s e d . A t 
th e  h ig h e r  shadow d e n s it ie s ,  la rg e  u n i ts ,  a m p litude  
40-50pv were e v id e n t w i t h in  th e  response . The 
b r i t t l e s t a r s  were shown to  be a b le  to  d is c r im in a  te  the  
amount o f ddadow produced on th e  su rface  o f  th e  arm.
Rate Of. Change Of Shadow.
The responses o f  th e  b r i t t l e s t a r s  to  r e la t iv e  ra te s  
o f  change i n  shadow d e n s ity  were examined. The l i g h t
spot 1 .5mm in  d ia m e te r was e x t in g u i^ e d  by a m otor d r iv e n  %
0
rh e o s ta t  to  produce a t o t a l  shadow. The speed o f  the  
m otor was v a r ie d  to  e x t in g u is h  the  l i g h t  a t  th re e  
d i f f e r e n t  ra te s ,  i n  30 seconds, in  4 .5  seconds and i n  
1 second ( F ig .7 a ) .  In  a l l  cases sp ike s  w ere re c o rd a b le  
from  th e  R.N.C. as soon as th e re  was a decrease in  l i g h t  
in t e n s i t y  and c o n tin u e d  a f t e r  th e  l i g h t  was t o t a l l y  
e x t in g u is h e d . The f a s te r  the  l i g h t  was e x tin g u is h e d  th e  
g re a te r  was th e  re co rd e d  response in  te rm s  o f  t o t a l
FIG . 7 .
a ) E x t r a c e l lu la r  re c o rd in g s  frcxn th e  R .N ,C . i n  
response to  d i f f e r e n t  ra te s  o f  change o f  shadow. 
T o ta l j^adows were produced by a u n ifo rm  re d u c t io n  
o f  i l lu m in a t io n  to  z e ro  i n  30 seconds, 4 .5  seconds 
and 1 second. Note i n i t i a l  b u rs ts  o f  s p ik e s  a t  
o nse t o f shadow in  each response, (a r ro w ) .
b ) E x t r a c e l lu la r  response reco rded  t o  a shadow 
produced ove r a 30 second p e r io d . The f i r s t  a rrow  
in d ic a te s  th e  i n i t i a l  re d u c t io n  in  th e  l i g h t  
le v e l .  The re d u c t io n  i n  l i g h t  was th e n  h a lte d  
a f t e r  15 seconds (second a rrow ) and th e  a n im a l 
a llo w e d  to  a c c l im i t is e  to  th e  new lo w e r l i g h t  
le v e l  f o r  15 m inu tes . The l i g h t  was th e n  reduced 
a g a in  a t  th e  same ra te  ( t h i r d  arrow ) to  produce a 
t o t a l  shadow. Note th e  b u rs t  o f  sp ike s  a t  th e  
p o in t  where the  shadow i s  a g a in  produced a f t e r  th e  
15 m inu te  p e r io d  o f  h a b itu a t io n  a t  th e  lo w e r l i g h t  
le v e l .
±i n
in
\in
woin
1
i
— 1 9 “
number and a m p litu d e  o f th e  reco rded  s p ik e s . The i n i t i a l  
h ig h  fre qu e ncy  b u rs t  o f  u n i ts  w i t h in  th e  p a t te rn  became 
more complex w ith  in c re a s in g  ra te  o f shadow produced and 
t h i s  was re co rd ed  a t  th e  onse t o f  th e  decrease i n  l i g h t  
in t e n s i t y ,  and n o t a t  th e  p o in t  when th e  l i g h t  was 
f i n a l l y  e x t in g u is h e d . Reducing th e  i l lu m in a t io n  i n  t h i s  
manner in e v i t a b ly  re s u lte d  i n  th e  p ro d u c tio n  o f  d i f f e r e n t  
w a ve len g ths  o f  l i g h t  and hence c o lo u rs  b e fo re  a shadow 
was f i n a l l y  p roduced. S tubbs (1982a) has dem onstra ted 
th e  a b i l i t y  o f  t h i s  b r i t t l e s t a r  to  d is c r im in a te  v a r io u s  
w a ve len g ths  o f  l i g h t .  The an im a ls  i n  th e  p resen t 
e xpe rim en ts  may have responded to  th e  d i f f e r e n t  c o lo u r 
changes as w e l l  as th e  ra te  o f shadow p ro d u c tio n . 
However as th e  e xpe rim en ts  were concerned w ith  th e  
r e la t i v e  ra te s  o f  re d u c t io n  i n  th e  l i g h t  le v e ls  and th e  
c o lo u r  changes were th e  same from  one expe rim en t to  
a n o th e r, i t  was co n s id e re d  th a t  t h i s  a d d i t io n a l  fa c to r  
d id  n o t d e t ra c t  from  th e  o v e r a l l  r e s u l t s .  The complex 
b u rs t  o f  a c t i v i t y  a t th e  onse t o f th e  shadow in d ic a te d  
th e  presence o f  a p ha s ic  component, w h i ls t  th e  sp ike s  
re co rd e d  th ro u g h o u t th e  re d u c t io n  i n  i l l u m in a t io n  was 
ev idence  o f  a to n ic  component w i t h in  th e  response . An 
in v e s t ig a t io n  was c a r r ie d  o u t to  de te rm ine  w he the r th e  
a n im a ls  were re sp on d ing  to  th e  i n i t i a l  re d u c t io n  i n  th e  
l i g h t  in t e n s i t y .  E xperim en ts  were c a r r ie d  o u t where a 
l i g h t ,  e x tin g u is h e d  ove r a 30 second p e r io d  was h a lte d  
a f t e r  15 seconds, and th e  an im al a llo w e d  to  adapt to  th e  
new lo w e r l i g h t  le v e l  f o r  15 m in u te s . The l i g h t  was th e n  
e x t in g u is h e d  a t  th e  same ra te  to  produce a shadow 
( F ig .7 b ) .  A complex h ig h  frequency  b u rs t  o f  s in g le  u n i t
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a c t i v i t y  was re co rd ed  a t  the  onse t o f  th e  30 second 
re d u c t io n  i n  l i g h t .  A s im i la r  b u rs t o f  a c t i v i t y ,  bu t no t 
as complex, was a g a in  reco rded  a t  th e  c o n t in u a t io n  o f the  
l i g h t  re d u c t io n  and p reced in g  th e  a d a p ta t io n  to  th e  new 
lo w e r am bient l i g h t  le v e l .  The b r i t t l e s t a r s  were th u s  
shown to  be re sp on d ing  to  th e  i n i t i a l  re d u c t io n  i n  l i g h t  
in t e n s i t y  (shadow ), i r r e s p e c t iv e  o f  th e  am bient l i g h t  
le v e ls  and any p re v io u s  response . 0 .o p h iu ra  
d is c r im in a te d  between th e  r e la t iv e  ra te s  o f  an in c re a se  
i n  shadow d e n s ity  produced on th e  su rfa ce  o f th e  an im a l.
L ig h t  'M *  Response.
The a b i l i t y  o f  0 . o n h iu ra  to  d e te c t in c re a s e s  i n  th e  
am bient l i g h t  le v e l  the  l i g h t  'ON* response was 
in v e s t ig a te d .  In c re a s in g  numbers o f  d is t a l  arm segments 
were i l lu m in a te d  v ia  f ib r e  o p t ic  ca b le  f o r  up to  
10 seconds a f t e r  a p e r io d  o f  1 hour i n  t o t a l  darkness.
There was no re c o rd a b le  a c t i v i t y  i n  response to  th e
i l lu m in a t io n  o f  le s s  th a n  5 arm segments. However above 
t h i s  number a sm a ll number o f v e ry  sm a ll a m p litu d e  u n i ts  
w ere d is c e rn ib le  (1 5 p v ), b u t la rg e  sp ike s  s im i la r  to  
those  found  i n  th e  w ork o f  Stubbs (1982a) were never 
re co rd e d . Because Stubbs d id  n o t c a r ry  out h is
e xpe rim en ts  i n  t o t a l  darkness, i t  i s  p o s s ib le  he was
re c o rd in g  a response to  a re d u c t io n  i n  th e  am bient l i g h t  
le v e ls  he was n o t aware o f.  In c re a s in g  th e  a rea o f the  
arm i l lu m in a te d  re s u lte d  in  a co rre sp o n d in g  in c re a s e  in  
th e  number o f these  sm a ll reco rded  s p ik e s . I n  a l l  cases
FIG. 8 .
L ig h t  '  Œf* response. Response to  i l lu m in a t io n  
o f  te n  segments o f  th e  arm t i p .  A sm a ll b u rs t  o f  
d is c e rn a b le  sp ike s  a re  e v id e n t 
( a r r o w ) . I l lu m in a t io n  o f  few e r segments le a d  to  
e i t h e r  a an a l l e r  re s ^ n s e  o r  no response.
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FIG. 9 .
E x t r a c e l lu la r  responses to  a shadow s t im u lu s  
re co rd e d  s im u lta n e o u s ly  from  th e  R.N.C. o f  
d i f f e r e n t  arms, (a r ro w ) .  The shadow response i s  
conducted to  th e  o th e r arm in  a s u b s ta n t ia l ly  
u n a lte re d  fo rm . A rrow s in d ic a te  u n i ts  o r g roups 
o f  u n i ts  d e te c te d  a t  bo th  re c o rd in g  s i t e s .
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a sp ike  t r a in  o f  p o te n t ia ls  was reco rded  a f t e r  the  
10 second i l lu m in a t io n  when a diadow was produced. 
( F ig .  8 ) .
M u lt ip le  Ele.fi,t.r..Q.d.e Ke.QQ,r-diJQg.g.»
S im u ltaneous re c o rd in g s  w ith  two e le c tro d e s  a t  
d i f f e r e n t  p o s i t io n s  on th e  R.N.C. in d ic a te d  th a t  th e  
p a t te rn  o f  response to  a shadow s t im u lu s  was conducted to  
o th e r  p a r ts  o f  th e  an im a l in  a s u b s ta n t ia l ly  u n a lte re d  
fo rm  ( F ig . 9 ) .  Groups o f  s im i la r  u n i ts  (a p p rox . 3 5 p r) 
w i t h in  th e  p a t te rn  were d e te c te d  a t  bo th  re c o rd in g  s i t e s  
i n  response to  a shadow on th e  t i p  o f  an arm. These 
r e s u l t s  were s im i la r  to  those  o f  S tubbs (1982a) who 
c a r r ie d  o u t a more d e ta i le d  in v e s t ig a t io n  on the  way th e  
p h o t ic  response was conducted th rou g h  th e  r a d ia l  nerve  
co rd .
Pehaviopral Dbs^ryatiens.
Two g roups  o f  a n im a ls  were m a in ta in e d  in  sand 
bottom ed c i r c u la t io n  ta n k s  under d i f f e r e n t  l i g h t  
reg im es. One group  was d a rk  adapted  f o r  a p e r io d  o f  
s e v e ra l weeks, th e  o n ly  source o f  i l lu m in a t io n  be ing  a 
da rk  re d  p h o to g ra p h ic  lam p. S tubbs (1982a) has shown 
th a t  Op h iu ra  o o h iu ra  i s  le a s t  s e n s i t iv e  to  l i g h t  o f t h i s  
w a ve len g th . The second group was m a in ta in e d  a t  am bient 
l i g h t  le v e ls  w h ich  v a r ie d  from  d a y l ig h t  to  f lu o re s c e n t
1
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s t r i p  l ig h t in g .  In  bo th  cases th e  e f fe c t  o f  a shadow 
pass ing  across  th e  su rfa ce  o f th e  an im al was examined and 
th e  behav iou r o f  th e  w ho le  an im al no ted .
Dark adapted a n im a ls  were i n i t i a l l y  i l lu m in a te d  f o r  
f i v e  seconds w ith  a tu n g s te n  f i la m e n t  to rc h  w h ich  was 
e x tin g u is h e d  to  produce th e  shadow s t im u lu s . T h is  was an 
u n n a tu ra l s t im u l i  to  p re se n t to  th e  a n im a ls , bu t th e  
b e h a v io u r o f th e  b r i t t l e s t a r s  to  these  s t im u l i  i n  dark  
adapted  c o n d it io n s  were re q u ire d  to  compare w ith  the  
neu ro p h y B io lo g ic a l e xpe rim en ts . A s im i la r  s t im u lu s  was 
p re sen ted  to  l i g h t  adapted a n im a ls  and i n  a d d it io n  a 
shadow s tim u lu s  was produced by p ass ing  a 15cm x 15cm 
ca rd  between th e  an im a l and th e  g e n e ra l d i r e c t io n  o f  
i l lu m in a t io n  by th e  am bient l i g h t  source.
Each s t im u lu s  was p resen ted  to  a n im a ls  th a t  were 
p e rfo rm in g  apy type  o f  movement, e .g . s tro n g  lo c o m o ta ry , 
arm c o i l in g ,  arm w av ing , o r  bu rrow ing  b e h a v io u r w ith  the  
tube  fe e t .  The response o f  a l l  l i g h t  adap ted  a n im a ls  to  
a shadow produced by th e  ca rd  was an im m edia te  " f r e e z in g "  
o f  movement w ha teve r t h e i r  p o s i t io n  o r type  o f  b eh a v io u r 
b e in g  perfo rm ed a t  th e  onse t o f th e  shadow s tim u lu s  
(T a b le  1 ) .  Those i l lu m in a te d  by a l i g h t  sp o t w h ich  was 
th e n  e x tin g u is h e d  a ls o  responded by f r e e z in g  b u t th e  
response was n o t so c o n s is te n t as i t  was to  a re d u c t io n  
i n  th e  am bient i l l u m in a t io n  w ith  th e  a id  o f  a ca rd . In  
t h i s  case o n ly  74% o f  th e  a n im a ls  f ro z e  to  th e  onset o f 
th e  shadow.
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Dark adapted a n im a ls  undergo ing  s im i la r  movements 
were o n ly  s t im u la te d  w ith  a shadow a f t e r  i l lu m in a t io n  f o r  
1 second. The a n im a ls  a g a in  g e n e ra lly  responded to  t h i s  
s t im u lu s  by f re e z in g  t h e i r  movements b u t once aga in  t h i s  
response was n o t so c o n s is te n t  as th e  response o f l i g h t  
adap ted  a n im a ls  when th e  am bient l i g h t  le v e l  was reduced 
to  produce a shadow.
In  a l l  cases where a f re e z in g  o f  th e  anim al 
movements o ccu rre d  i n  response to  a diadow s tim u lu s , 
movement recommenced between 15~24sec. la t e r .
The l i g h t  *0N* component o f th e  s t im u lu s  used on the  
d a rk  adapted  a n im a ls  (e .g .  when th e  to rc h  was i n i  t a l l y  
tu rn e d  on f o r  1 second) was n o t in v o lv e d  i n  th e  fre e z in g  
o f  th e  b r i t t l e s t a r s  movements. F i f t y  sepa ra te  a n im a ls
showing movement were i l lu m in a te d  f o r  up to  3 m inu tes  and 
th e  d tia r a c t e r i s t i c  f r e e z in g  response d id  n o t occu r a t  any 
p o in t  d u r in g  th e  i l l u m in a t io n  bu t d id  so when th e  l i g h t
was f i n a l l y  e x t in g u is h e d . (T a b le  1 ) .  B r i t t l e s t a r s
s ta rv e d  o f  fo o d  f o r  two weeks im m e d ia te ly  respond to  
s im p le  chem ica l cues and fo o d  ite m s  e .g .  human s k in  
s e c re tio n s  and ground up My t i l u s  e d u l is  t is s u e ,  
in tro d u c e d  in t o  th e  w a te r column by e x h ib i t in g  arm 
c o i l in g  movements and a s tro n g  a t t r a c t io n  tow ards the  
source o f th e  s t im u lu s . Under these c ircu m sta n ces  in
bo th  d a rk  and l i g h t  adap ted  a n im a ls , shadow s t im u l i  o f
a ry  form  had no e f f e c t  on th e  movement o f  th e  a n im a l.
The f r e e z in g  o f  th e  a n im a l to  th e  onse t o f  a shadow
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s t im u lu s  was n o t e x h ib ite d .
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DISCUSSION
The p h o to s e n s i t iv i t y  o f  th e  echinoderm s has i n  th e  
pas t been c o n s tru e d  from  changes i n  th e  b e h a v io u r o f 
e i t h e r  the  w ho le  o r  p a r ts  o f  th e  an im a l (see Y oshida 1966 
f o r  re v ie w ) . A p a rt from  an is o la te d  o b s e rv a t io n  by 
H a r t l in e  e t  a l (1952) and an expe rim en t by Takahashi 
(1964) on th e  is o la te d  nerve  co rd  o f  Diadema setosum , 
e le c tro p h y  s io lo g i  c a l ev idence f o r  th e  e x is te n c e  and 
degree o f p h o to s e n s i t iv i t y  has been la c k in g .
However, S tubbs (1982a) u s in g  s u c t io n  e le c tro d e s
a tta c h e d  t o  th e  R.N. C. shewed th a t  th e  sp e c ie s
O phiura  o p h iu ra  i s  m a x im a lly  s e n s i t iv e  to  b lu e  green
l i g h t  o f th e  w a ve len g ths  found  i n  sh a llo w  m arine  h a b ita ts
-5 2(470-500nm) and l i g h t  le v e ls  (10 uW/m ) t h a t  a re  
com parable w ith  those  am bient i n  t h e i r  n a tu ra l h a b i ta t .
M i l l o t t  and Y osh ida  (1956) dem onstra ted , u s in g  th e  |
1w ith d ra w a l o f  th e  p od ia , th a t  Psammediinus was most a
1s e n s i t iv e  to  w a ve len g ths  o f  between 440-560nm and l a t e r  IIYoshida and M i l l o t t  ( I9 6 0 ) u s in g  l i g h t  sp o ts  on th e  |
r a d ia l  nerve  co rd  dem onstra ted  th a t  i n  Diadema th e  
maximum s e n s i t i v i t y  to  w a ve len g ths  o f  l i g h t  l i e s  between 
455-460nm.
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T h is  s tudy  has d esc ribe d  i n  d e t a i l  th e  shadow 
response o f  O ph iu ra  o p h iu ra  and ^ o w n  th e  an im al to  be 
h ig h ly  s e n s i t iv e  to  re d u c tio n s  i n  th e  am bient l i g h t  
le v e ls  and to  a much le s s e r  e x te n t to  an in c re a s e  in  
i l lu m in a t io n .  S tubbs (1982b) dem onstra ted  th a t  th e  
g re a te s t s e n s i t i v i t y  to  p h o t ic  s t im u la t io n  la y  w i th in  th e  
re g io n  o f th e  arm t ip s .  T h is  i s  o f  a d a p tiv e  s ig n if ic a n c e  
c o n s id e r in g  i t s  c h a r a c te r is t ic  p o s tu re , b u r ie d  i n  th e  sand 
w ith  ju s t  th e  t ip s  o f  th e  arms p ro tru d in g .
The p re se n t n e u ro p h ys io l o g i c a l s tu d ie s  show th a t  
0. o p h iu ra  i s  most re sp o n s ive  to  a f a s t  m oving, dense 
shadow p ass ing  a c ro ss  th e  su rface  o f  th e  arm. The shadow 
response has g re a t  a d a p tiv e  s ig n if ic a n c e  f o r  th e  
b r i t t l e s t a r  i n  i t s  n a tu ra l env ironm en t. O ph iu ra  o p h iu ra  
i s  e x te n s iv e ly  p reyed  upon around th e  c o a s ts  o f  B r i t a in  
by gado ids  and f l a t f i s h ,  two groups o f  p r im a r i ly  v is u a l 
fe e d e rs  (S tevens  1930). The d e te c t io n  o f  a ra p id  m oving 
shadow may w e l l  be c r i t i c a l  to  th e  b r i t t l e s t a r  and th e  
d e n s ity  o f th e  shadow may w e ll r e la te  to  th e  c loseness o f  
th e  p re d a to r . I f  a l l  m o tion  ceases a t  th e  onset o f a
deep, fa s t  moving shadow, th e  b r i t t l e s t a r  may w e ll escape 
d e te c t io n  by a v is u a l ly  o r ie n ta te d  p re d a to r .  M i l l o t t  
(1975) d e s c r ib e d  th e  movement o f  s p in e s  tow ards th e  
source o f a shadow s t im u l i  and suggested £ h a t in  Diadema 
th e  shadow re a c t io n  may a lso  assume an im p o r ta n t r o le  i n  
th e  s u rv iv a l o f  t h i s  an im al as a defence  mechanism 
a g a in s t p re d a to rs . C ro z ie r  (1914, 1915) a ls o  showed i n
■Holcthuria .saP.t.iY.a» H .c a p ita  and H . ra th b u n i. th a t  shaded
f t . . J
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a n im a ls  r e t r a c t  th e  te n ta c le s ,  c lo se  the  b rim  and c lo a c a l 
s p h in c te r  and show a g e n e ra l c o n t ra c t io n  o f  th e  body 
w a l l ,  w hich in f e r s  a p o s s ib le  advantage to  th e  anim al in  
a v o id in g  p re d a t io n . More re c e n t ly  Bonham and H eld  (1963) 
have dem onstra ted s im i la r  b e h a v io u r i n  o th e r 
h o lo th u r ia n s .
O ph iu ra  o p h iu ra  i s  a b le  to  d e te c t in c re a s e s  i n  
i l lu m in a t io n  o r  l i g h t  *0N* s t im u l i ,  b u t th e  response 
re q u ire s  s t im u la t io n  o f  a la rg e  p a r t  o f  th e  su rface  o f 
th e  arm and th e  th re s h o ld  i s  h ig h e r  th a n  th a t  re q u ire d  to  
produce a shadow response . In c re a s e s  i n  i l lu m in a t io n  may 
n o t be a s s o c ia te d  w ith  a th r e a t  to  th e  an im a l and 
in fo r m a t io n  re g a rd in g  in c re a s e s  i n  l i g h t  le v e ls  may n o t 
be conducted th ro u g h  th e  la rg e ,  and hence r a p id ly  
c o n d u c tin g  neurons b u t th rou g h  some o f th e  la r g e r  number 
o f  s m a lle r  neurons whose sp ike  p o te n t ia ls  e i t h e r  a re  too  
sm a ll t o  be re co rd e d  o r  lo s t  i n  th e  background n o is e , 5
M i l l o t t  and Y oshida (1959) dem onstra ted  i n  
Diadema a n t l l la r u m  th e  th re s h o ld  f o r  ’ ON' responses was
h ig h e r  tha n  th a t  re q u ire d  to  produce a shadow response.
M i l l o t t  (1955, 1956) a ls o  dem onstra ted  bo th  'ON* and
I OFF* responses i n  th e  pod ia  o f  Ly te c h in u s  ,variegat_us and 
once a g a in  th e  a n im a ls  w ere more s e n s i t iv e  to  shadow than  
an in c re a s e  i n  i l lu m in a t io n .
S p e c ia liz e d  p h o to re c e p to rs  a re  ra re  w i t h in  th e  
ech inoderm s. Penn and A lexander (1980) d e s c r ib e d  th e  
s t r u c tu r e  o f an o p t ic  c u sh io n  i n  N epan th ia  b e lc h e r i : a
pi@ nented sense organ s itu a te d  on th e  o ra l su rfa c e  o f th e
. . .  . - -
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arm below the  te rm in a l te n ta c le .  T h is  was s im i la r  to  th e  
o p t ic  c u d iio n s  re p o r te d  i n  o th e r a s te ro id s  (E a k in  1963).
In  g e n e ra l th e re  appears t o  be no s p e c ia l sensory organs 
a s s o c ia te d  w ith  p h o to s e n s i t iv i t y .  I t  i s  l i k e l y  th a t  i n  
b r i t t l e s t a r s  th e re  i s  a derm al l i g h t  sense as d e sc rib e d
by M i l l o t t  (1975) i n  e c h in o id s . Marked responses to
shadowing a re  c h a r a c te r is t ic  o f  an im a ls  w ith  a derm al 
l i g h t  sense. There a re  two p o s s ib le  e x p la n a tio n s  f o r  th e
im m ediate c e s s a tio n  o f  re c o rd a b le  a c t i v i t y  w i t h in  th e  
nervous Qrstem to  th e  r e i l lu m in a t io n  o f  th e  arm t i p  a f t e r  
th e  shadow s t im u lu s . These two a l te r n a t iv e s  depend on 
th e  b io ch e m ica l mechanism p re sen t a t  th e  s i t e  o f  
t ra n s d u c t io n .  I t  i s  re a son a b le  to  presume th a t  a
p h o t ic a l ly  a c t iv a te d  p igm ent i s  p re s e n t, as t h i s  i s  th e  
case i n  th e  m a jo r i ty  o f  in v e r te b ra te  p h o to re c e p to rs  
(E a k in  1972 ). A lte r a t io n s  to  th e  s tu c tu re  o f  t h i s  
pho top igm ent may cause a p e rm e a b ili ty  change i n  th e  
re c e p to r  c e l l  membrane. A p h o t ic a l ly  a c t iv a te d  p igm ent 
may cause a permanent h y p e rp o la r iz a t io n  o f  th e  membrane 
w h ich  d e p o la r iz e s  to  a th re s h o ld  when a shadow i s  c a s t.
The a l t e r n a t iv e  i s  a p h o t ic a l ly  in a c t iv a te d  p igm ent w h ich  
becomes a c t iv a te d  and causes a d e p o la r iz a t io n  to  
th re s h o ld  a t  th e  onse t o f  i^adow . The in h ib i t o r y  e f fe c t  
o f  l i g h t  has been suggested by Hess (1915) w o rk in g  on th e  |
r o ta r y  sp in e s  o f  C entrostePhanus lo n g is p in u s  and more 
re c e n t ly  by M i l l o t t  and Y osh ida  ( I9 6 0 ) and Y osh ida  (1962) 
w o rk in g  on two a l l i e d  s p e c ie s  o f  e c h in o id s . However, th e  
a b i l i t y -  to  re c o rd  e x t r a c e l lu la r  p o te n t ia ls  from  th e  
R.N.C. to  an in c re a s e  i n  i l lu m in a t io n  i n  0 . o p h iu ra  and 
i t s  n e g a tiv e  p h o to ta c t ic  b eh a v io u r a re  d i f f i c u l t  to
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e x p la in  i f  l i g h t  has an in h ib i t o r y  e f f e c t  on th e  
p h o to re c e p tiv e  system . The tra n s d u c t io n  mechanism in  th e  
b r i t t l e s t a r s  p h o to re c e p tiv e  system i s  s t i l l  no t 
unde rs tood  and a t  p re se n t no p h y s io lo g ic a l ev idence o f 
th e  i n h ib i t i o n  by l i g h t  has been produced fro m  in d iv id u a l 
sensory neurones.
The im p o rta n t o b s e rv a tio n  t h a t  th e  shadow response, 
a lth o u g h  a lw ays re co rd e d  from  th e  nervous ^ s te m ,  i s  
o v e r r id d e n  b e h a v io u ra lly  by th e  presence o f  fo o d  suggests  
th e  presence o f  a b e h a v io u ra l h e ira rc h y  d i r e c t ly  
dependant upon th e  p h y s io lo g ic a l and n u t r i t i o n a l  s ta te  o f 
a p a r t ic u la r  a n im a l. T h is  has p a r t i c u la r  s ig n if ic a n c e  
when e xpe rim en ts  on th e  sensory d is c r im in a to r y  powers o f 
echinoderm s a re  based s o le ly  on b e h a v io u r changes i n  th e  
a n im a ls . I t  i s  im p o r ta n t th a t  the  w ho le  range o f sensory 
m o d a li t ie s  p re se n t a re  a b s o lu te ly  d e f in e d  d u r in g  
e x p e r im e n ta tio n  to  a v o id  maiy o f th e  in c o n s is te n c ie s  th a t  
o ccu r under such c o n d it io n s .
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Romanes, (1883) showed ove r a c e n tu ry  ago th a t  th e  
s t a r f is h  A s te r ia s  ju b eJ is  was a t t r a c te d  to  f re s h  
crabm eat. S loan and Campbell (1982) have re c e n t ly  
rev iew ed  th e  s u b s ta n t ia l l i t e r a t u r e  s in c e  th e n  on 
chem orecep tion  in  th e  Echinoderm ata, some o f  which 
however i s  a lm ost a n e c d o ta l. Recent w ork  by Z a f i r io u  
(1 9 7 2 ), V a le n t in c ic  (1973, 1979) and Reim er and Reimer 
(1975) has a tte m p ted  to  c h a ra c te r iz e  w hat p a r t ic u la r  
m o le c u la r  s t ru c tu re s  a c t as most e f f e c t iv e  s t im u l i .  
Amino a c id s  and t h e i r  d e r iv a t iv e s  have been i^ow n to  be 
e f f e c t iv e  i n  e l i c i t i n g  changes p a r t i c u la r l y  in  th e  
fe e d in g  b e h a v io u r o f  a number o f echinoderm s ( V a le n t in c ic  
1979). T h is  c h a p te r d e s c r ib e s , u s in g  e x t r a c e l lu la r  
re c o rd in g s  from  th e  r a d ia l  nerve co rd  th e  responses o f  
0 .o p h iu ra  to  a range o f amino a c id s . The s e n s i t i v i t y  to  
th e  amino a c id s  and th e  th re s h o ld s  o b ta in e d  a re  compared 
w ith  those  from  p a r a l le l  s tu d ie s  where th e  b e h a v io u r o f 
u n fe t te re d  an im a ls  was observed i n  a s e r ie s  o f  la b o ra to ry  
ta n k  e xp e rim e n ts . The fe e d in g  b e h a v io u r o f  th e  
b r i t t l e s t a r s  and th e  a b i l i t y  to  d e te c t p rey  and p re d a to r  
ite m s  d is ta n c e  chem orecep tion  a re  a ls o  d e s c r ib e d .
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mmiMiÂ MR mmm.*
.NeurQphyslologlcal. Preparations.
S in g le  arm p re p a ra t io n s  were d is s e c te d  as d esc rib e d
i n  th e  p re v io u s  ch a p te r to  re v e a l the  R .N.C. The arm was
th e n  p a r t i a l l y  im m o b iliz e d  o r a l  s id e  uppermost i n  a
perspex clamp, le a v in g  o n ly  th e  d is t a l  15 segments o f  th e
arm f r e e .  The clamped arm was th e n  p la ced  in  a two
chambered d ish  (14  x 25 x  2.5cm) c o n ta in in g  f i l t e r e d
seaw ate r. The d ish  was d iv id e d  in t o  two e q u a l p o r t io n s
by a p a r t i t io n in g  perspex b a r r ie r  i n  w h ich  a 5mm.
d ia m e te r h o le  had been bo red . The t i p  o f  th e  arm was
p laced  th rough  t h i s  h o le  and th e  gap se a led  w ith
V a s e lin e , I h i s  ensured th a t  th e  t i p  o f  th e  arm was
p h y s ic a l ly  is o la te d  fro m  th e  r e s t  and t h a t  o n ly  t h i s
p o r t io n  would be s t im u la te d . I t  a ls o  ensured  th a t  the
re c o rd in g  e le c tro d e  w ou ld  no t be d is p la c e d  by th e  f lo w  o f
seaw ater. F i l t e r e d  seaw ater a t  4^0 f lo w e d  from  a
c o n s ta n t p ressure  r e s e r v o ir  v ia  p o ly th e ne  tu b in g  ove r the
3 -1arm t i p  a t  a ra te  o f  15cm m inu te  . The an im a l was 
a llo w e d  to  a c c lim a t is e  in  t o t a l  darkness f o r  1 hou r 
b e fo re  each e xpe rim en t. I h i s  was to  remove a l l  the  o th e r 
s t im u la to r y  fa c to r s  excep t th e  chem ical s t im u lu s  under 
in v e s t ig a t io n .
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JBxperimental P ro ced u re .
S e r ia l d i lu t io n s  o f  each amino a c id  and B e ta in e ,
(Sigma C hem ica ls), i n  seaw ater were p repa red  frcxa a
0 .5  X 10 s to c k  s o lu t io n .  H ie amino a c id s  used were
L -L e u c ln e , L -L y s in e , L -C y s te in e , L -S e r i ne, L -A la n in e ,
L -P ro l in e ,  L -V a lin e ,  N -a c e ty l-L -C y s te in e ,  M a lic  A c id  and
L a c t ic  A c id . These were chosen because th e y  bad been
used by o th e r  w o rk e rs . ( V a le n t in c ic  1979, Reimer and
Reimer 1 97 5 ). Each s o lu t io n  was made up u s in g  f i l t e r e d
seaw ater an h o u r b e fo re  each expe rim en t and kep t a t  a
co n s ta n t 4 °C .te m p e ra tu re . B e g in n in g  w ith  th e  lo w e s t
“ 3c o n c e n tra t io n , 0.5cm . a l iq u o ts  o f each c o n c e n tra t io n  o f 
amino a c id  s o lu t io n  was in je c te d  a t  a c o n s ta n t ra te  in t o  
an in te rm e d ia te  r e s e r v o ir ,  where the y  were co m p le te ly  
m ixed w ith  th e  f i l t e r e d  seaw ater and passed o ve r th e  arm 
t i p .  Each a l iq u o t  was d i lu te d  by a f a c to r  o f  20 b e fo re  
re a c h in g  th e  is o la te d  arm t i p .  A c o n t r o l  in je c t io n  o f  an 
0.5cmT^ a l iq u o t  o f  f i l t e r e d  seaw ater was used p r io r  to  
each a d d it io n  o f  th e  v a r io u s  amino a c id  c o n c e n tra t io n s . 
A p e r io d  o f  20 m in u te s  u n tre a te d  f le w  was a llo w e d  
between th e  a d d i t io n  o f  each c o n c e n tra t io n  to  p reven t 
p o s s ib le  h a b itu a t io n  o f  th e  response . R ecord ings o f  each 
response were made u s in g  th e  methods d e s c r ib e d  in  th e  
p re v io u s  c h a p te r .
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N a tu ra lly  o c c u r r in g  amino a c id s  in  seaw ater were not 
q u a n t i f ie d  s in ce  th e  e xpe rim en ts  were des igned to  t e s t  
th e  a b i l i t y  o f  the  b r i t t l e s t a r  to  p e rc e iv e  changes in  
c o n c e n tra t io n . A l l  seaw ater used was o b ta in e d  f r e s h ly  
pumped fro m  the  sea and f i l t e r e d ,  however, as a f u r th e r  
c o n t r o l ,  a r t i f i c i a l  seaw ater In s ta n t  Ocean, (Aquarium  
Systems, O hio), was a ls o  used bo th  u n tre a te d  and w ith  
v a r io u s  amino a c id s . The th re s h o ld s  o f  response o b ta in e d  
were id e n t ic a l  w ith  those  from  n a tu ra l seaw ate r.
behaviour.
E xperim ents were c a r r ie d  o u t on w ho le  a n im a ls  us ing  
b e h a v io u ra l c r i t e r i a  to  de te rm ine  the  minimum d e te c ta b le  
c o n c e n tra t io n  o f  s o lu t io n s  o f  the  same amino a c id s  w h ich  
w ere used i n  th e  neur ophy s io l  o g i c a l e xp e rim e n ts . A 
s in g le  an im al was p la ced  i n  each o f  fo u r  separa te  
com partm ents form ed by d iv id in g  lo n g i t u d in a l l y  a perspex 
ta n k  11.5 x  300 x  3.5cm. and a c o n s ta n t w a te r f lo w  o f 
15cm? m in .  ^ was m a in ta in e d  th rou g h  each compartment by a 
s e t o f  v a lv e s  a t  each in f lo w .  The w a te r was f i l t e r e d  
b e fo re  e n te r in g  th e  ta n k  and tu rb u le n c e  was reduced by a 
f in e  p la n k to n  ne t b a r r ie r .  Each anim al was hand led  u s in g  
ru b b e r g lo v e s  and p la s t i c  fo rc e p s  and p la ce d  on a 
p re de te rm in ed  spo t where th e  c o n c e n tra t io n  o f  th e  amino 
a c id ,  a f t e r  d i lu t io n  e f f e c t s  would co rrespond  to  th a t  
used i n  th e  n e u ro p h ys io l o g i c a l e xpe rim en ts . A n im a ls  were 
a llo w e d  to  a c c lim a tis e  i n  th e  tan k  f o r  1 hou r b e fo re  each 
e xp e rim e n t. The s t im u lu s  was p resen ted  by in je c t in g ,  one
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3a t  a t im e , 0.5cm. o f  each sepa ra te  amino a c id  and B e ta in e  
c o n c e n tra t io n  p repared  by s e r ia l  d i l u t io n  in t o  the  in f lo w  
o f  each compartm ent. The s o lu t io n  was m ixed w e l l  in  th e  
tu r b u le n t  a rea  b e fo re  p ass ing  th rough  th e  p la n k to n  net 
and down ove r th e  a n im a l. The a n im a ls  were q u ie s c e n t f o r  
a t  le a s t  5 m in u tes  b e fo re  th e  s t im u lu s  was p resen ted . 
The beh a v io u r was th e n  m o n ito re d  f o r  3 m in u te s  a f t e r  each 
a d d it io n ,  and a c t i v i t y  ( lo c o m o tio n , arm c o i l in g ,  arm 
w av ing ) was scored as a p o s i t iv e  d e te c t io n  o f  th e  amino 
a c id .  20 m inu tes  was a llo w e d  between each s tim u lu s  to  
a v o id  h a b itu a t io n .  A l l  e xpe rim en ts  were c a r r ie d  o u t 
u s in g  a re d  p h o to g ra p h ic  lamp f o r  i l lu m in a t io n .  T h is  
reduced th e  chances o f  s t im u la t in g  th e  a n im a ls  by a 
shadow w h ich  causes c e s s a t io n  o f  a c t i v i t y  in  these 
a n im a ls  (Moore and Cobb 1985a).
.Ne.ur,ophy s io l  o g i oa l Responses l o  &e.gr.e..tiQn8 Q £L _
■Qüie r  üanna.,-
In  these  e xpe rim en ts  a la r g e r  in te rm e d ia te  chamber, 
d ia m e te r 10cm, re p la c e d  th a t  used to  de te rm ine  the  
minimum th re s h o ld  c o n c e n tra t io n s  o f  the  amino a c id s . 
S pecies o f  m arine  fauna  th a t  were c o l le c te d  i n  th e  t ra w l 
to g e th e r  w ith  the  b r i t t l e s t a r s  were in tro d u c e d  in t o  th e  
chamber to  examine th e  responses o f  th e  o p h iu ro id  to  agy 
w a te r borne chem ica ls  d e r iv e d  frcan th e  a n im a ls . The 
an im a ls  used were A s te r ia s  rubens and
Pagurus h e rn h a rd u s . The chemosensory a b i l i t y  o f  the  
b r i t t l e s t a r s  to  d e te c t o th e r  spec ies  was te s te d .  A f te r
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in t r o d u c t io n  in t o  th e  chamber th e  responses o f th e  
o p h iu ro id  were re co rd ed  f o r  2 m in u te s . Again  a l l  
expe rim en ts  were c a r r ie d  o u t i n  t o t a l  darkness and 
30 m inu tes  was a llc w e d  between each s t im u la t io n  to  
p re ven t h a b itu a t io n .
B ehav iou r e xpe rim en ts  were a ls o  c a r r ie d  ou t on whole 
an im a ls  u s in g  th e  same s t im u lu s  te s t  sp ec ies  as in  th e  
n e u ro p h y s io lo g ic a l e xpe rim en ts . U sing fo rc e p s  and ru b b e r 
g lo ve s  each te s t  sp e c ie s  was in tro d u c e d  in t o  th e  sand 
bottcxaed c i r c u la t io n  ta n ks  c o n ta in in g  th e  o p h iu ro id s . 
The expe rim en ts  were c a r r ie d  o u t under the  i l lu m in a t io n  
o f  a red  p h o to g ra p h ic  lamp and th e  b e h a v io u r o f  each 
b r i t t l e s t a r  was observed f o r  5 m in u te s . F iv e  m inu tes  
were chosen as t h i s  was th e  tim e  p e r io d  i n  w hich th e  
an im a ls  w ou ld  show a response .
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N e u ro p h ys io lo g y .
Responses i n  th e  form  o f s in g le  u n i t  p o te n t ia ls  were 
re co rd ed  from  th e  R .N.C, t o  each o f th e  10 amino a c id s  
and B e ta in e  te s te d .  Two t y p ic a l  s e ts  o f  r e s u l t s  reco rded  
e x t r a c e l lu la r ly  to  a range o f  c o n c e n tra t io n s  o f  the  amino 
a c id s  L -L e u c in e  and L -P ro l in e  a re  shown in  F ig .1  & 2 . No 
re c o rd a b le  a c t i v i t y  was e v id e n t i n  response to  th e  
seaw ater c o n t r o l ,  o r  a t  th e  c o n c e n tra t io n s  o f 
10 10 ^ ^R a n d  10 b u t th e  a d d i t io n  o f a 10*”
c o n c e n tra t io n  o f  L -L e u c in e  s o lu t io n  produced a sm a ll 
d is c e r n ib le  b u rs t  o f s p ik e s , (1 0 -1 5 pvX w h ich  was ta ke n  as 
th e  minimum th re s h o ld  c o n c e n tra t io n . The number and s iz e  
o f  th e  s p ik e s  in c re a s e d  w ith  in c re a s in g  amino a c id  
c o n c e n tra t io n ;  th e  la r g e s t  sp ike s  w ere  between 40-45pv. 
S im ila r  r e s u l t s  were o b ta in e d  w ith  L - P r o l in e  s o lu t io n s .  
However no response was re co rd ed  fro m  th e  R .N.C. u n t i l  
th e  c o n c e n tra t io n  o f  th e  s o lu t io n  reached 10”  ^^ M. (w h ich  
was ta ke n  to  be th e  m in im  un th re s h o ld  c o n c e n tra t io n  f o r  
t h i s  amino a c id ) .  A ga in  th e  s iz e  and number o f the  
re co rd ed  s p ik e s  in c re a s e d  w ith  c o n c e n tra t io n .  In  some 
p re p a ra t io n s  where th e  c o n c e n tra t io n s  w ere g ra d u a lly  
in c re a s e d  to  le v e ls  above 10 M,a re c o rd a b le  response d id  
n o t occu r f o r  a l l  c o n c e n tra t io n s  above t h i s  le v e l .  When 
these  h ig h  le v e ls  o f  amino a c id s  w ere a p p lie d  i n i t i a l l y  
t o  a f re s h  p re p a ra t io n  a s im i la r  re c o rd a b le  response was 
c o n s is te n t ly  o b ta in e d . In  p re p a ra t io n s  t h a t  f a i le d  to
FIG. 1 .
E x t r a c e l lu la r  re c o rd in g s  from  th e  R.N.C. i n  
response to  th e  a d d it io n  o f  d i f f e r e n t  
c o n c e n tra t io n s  o f th e  amino a c id  L -L e u c in e  to  th e  
t i p  o f  th e  b r i t t l e s t a r  arm. (SW) i s  th e  seawater 
c o n t r o l .  A l l  c o n c e n tra t io n s  g iv e n  are  x2M.
sw.
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FIG. 2 .
E x t r a c e l lu la r  re c o rd in g s  from  th e  R.N.C. in  
response to  th e  a d d it io n  o f  d i f f e r e n t  
c o n c e n tra t io n s  o f th e  amino a c id  L - P ro l in e  to  th e  
arm t i p .  The seaw ater i s  th e  c o n t ro l (SW). A l l  
c o n c e n tra t io n s  g iv e n  x2M.
sw
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show responses to  h ig h  le v e ls  o f  amino a c id s , a p e r io d  o f  
w ash ing  i n  p la in  seaw ater f o r  an h ou r re s to re d  
e x c i t a b i l i t y .  The number, s iz e  and p a t te rn  o f  sp ike s  
re c o rd e d  d i f fe r e d  between each o f th e  10 amino a c id s  and 
B e ta in e  used i n  t h i s  stuc^y, b u t no e f f o r t  was made to  
r e la t e  a typ e  o f response to  p a r t i c u la r  m o le c u la r 
c h a r a c te r is t ic s  o r to  c o n c e n tra t io n . The minimum 
c o n c e n tra t io n  o f  each amino a c id  th a t  e l i c i t e d  c o n s is te n t 
re c o rd a b le  a c t i v i t y  i n  th e  r a d ia l  nerve  co rd  a re  shown in  
T a b le  1 . The amounts d e te c ta b le  a re  a a a ll and re p re s e n t 
th e  a b i l i t y  o f  th e  o p h iu ro id  t o  d e te c t amino a c id s  a t  
le v e ls  o f  p a r ts  per b i l l i o n .  E x t r a c e l lu la r  re c o rd in g s  o f  
th e  o p h iu ro id s  response to  fo o d s tu f fs  were a ls o  
re c o rd e d . F ig .3 shows re c o rd in g s  o f  th e  fe e d in g  response 
in d uce d  in  a s in g le  arm p re p a ra t io n  by P ^ t i lu s  e d u lis  
t is s u e .  The response in v o lv e d  th e  c o i l in g  o f  th e  arm t i p  
l a t e r a l l y ,  w h ich  i s  c h a r a c te r is t ic  o f  t h i s  s p e c ie s  o f  
o p h iu ro id  i n  th e  presence o f  a fo o d  s t im u lu s  and i s  
d e s r ib e d  in  g re a te r  d e ta i l  on page 41 .
A s ig n i f ic a n t  r e s u l t  was o b ta in e d  when re c o rd in g  
s im u lta n e o u s ly  from  two d i f f e r e n t  p a r ts  o f  th e  R.N.C. 
th e  responses to  s t im u la t io n  by f i r s t l y  a s in g le  amino 
a c id  and second ly  a known foo d  ite m . The response 
re co rd e d  to  th e  f lo w  o f  a 2 x 10 s o lu t io n  o f  L -L y s in e  
o ve r th e  arm t i p  was conducted to  o th e r p a r ts  o f  th e  
a n im a l i n  a s u b s ta n t ia l ly  u n a lte re d  fo rm  ( F ig . 4 ) ,  
However, th e  p a t te rn s  o f  responses re co rd e d  i n  th e  
presence o f t i l  us e d u l is  e x t r a c t  were v e ry  d i f f e r e n t  
when reco rded  fro m  d i f f e r e n t  p o s i t io n s  on th e  R.N.C.
TABLE 1 : The minimum c o n c e n tra t io n s  o f  10 amino a c id s  and b e ta in e
s o lu t io n s  a t  w h ich  c o n s is te n t  n e u ro p h y s io lo g ic a l re co rd s  
were o b ta in e d  fro m  th e  R .N .C . o f  O ph iu ra  o p h iu ra .
Amino A c id Minimum C o n c e n tra tio n
L -L e u c in e 2 X 1 0 "
L -L y s in e 2 X 1 0 " ^M
L -C y s te in e 2 X 1 0 " &
N -A c e ty l-L -Q y s te in e 2 X 1 0 " V i
L -A la n in e 2 X 1 0 " ^M
M a lic  A c id 2 X 1 0 "
L a c t ic  A c id 2 X 1 0 " ^M
B e ta in e 2 X 1 0 " &
L -V a lin e 2 X 1 0 " *^ M
L -S e r in e 2 X 1 0 “
L -P ro l in e 2 X 1 0 "
FIG. 3 .
E x t r a c e l lu la r  re c o rd in g s  fro m  a s in g le  arm 
p e rfo rm in g  a c h a r a c te r is t ic  fe e d in g  response  (arm 
c o i l i n g ) , induced  by th e  d e te c t io n  o f  
M y t i lu s  e d u l is  e x t r a c t .  E x tra c t  added b e fo re  
o r ig in  o f  i l l u s t r a t e d  t ra c e .
'1
FIG . 4 .
S im u ltaneous e x t r a c e l lu la r  re c o rd in g s  o f  
nervous a c t i v i t y  from  two d i f f e r e n t  p o s it io n s  on 
th e  R .N.C. in  response to  t o  th e  f lo w  o f  a 
2 X 10M. c o n c e n tra t io n  o f  L -L y s in e  s o lu t io n  over 
th e  t i p  o f  an arm. % e  s t im u la te d  t i p  was 
p h y s ic a l ly  is o la te d  by a perspex b a r r ie r  from  th e  
r e s t  o f  th e  a n im a l. S i s  th e  p o in t  o f 
s t im u la t io n ,  and R2 a re  th e  re c o rd in g  
e le c tro d e s .A rro w s  in d ic a te  where th e  p a t te rn  o f  
s p ik e s  reco rded  a re  s im i la r  between bo th  re c o rd in g  
p o s i t io n s .
ro
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S im u ltaneous e x t r a c e l lu la r  re c o rd in g s  from  
d i f f e r e n t  p o s it io n s  on th e  B .N.C. t o  th e  a d d it io n  
o f  M y t i lu s  e d u l is  e x t r a c t  t o  th e  f lo w  o f  f i l t e r e d  
seaw ater over the  arm t i p .  The two t ra c e s  show 
v e ry  l i t t l e  s im i la r i t y  i n  p a t te rn  a t  th e  two 
re c o rd in g  p o s i t io n s .  The arm t i p  s t im u la te d  was 
is o la te d  from  th e  r e s t  o f  th e  an im a l by a perspex 
b a r r ie r .  P o in t o f  s t im u la t io n  (S ) .  R ecord ing  
e le c tro d e s  R^  and R2 .
ro
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FIG. 6 .
E x t r a c e l lu la r  re c o rd in g s  f r a a i  s in g le  arm 
p re p a ra t io n s  In  response to  o th e r  In v e r te b ra te s  
commonly encounte red  I n  th e  b r l t t l e s t a r s  n a tu ra l 
env ironm en tf In tro d u c e d  t o  an In te rm e d ia te  
chamber. The w a te r from  th e  chamber f lo w s  a c ro ss  
th e  t i p  o f  th e  arm. a) 2.5cm A s te r la s  rubens . b) 4.7cm A s te r la s  rubens . c ) PaguTus bernhardus. 
A s te r la s  rubens measured fro m  c e n tre  o f  d is c  t o  
t i p  o f  arm. Note g re a te r  response I n  te rm s  o f  
s iz e  and number o f  s p ike s  re c o rd e d  to  th e  la r g e r  
A .rubens . A nim als In tro d u c e d  b e fo re  o r ig in  o f  
t ra c e .
c r
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( F ig , 5 ) .  The a L g n ific a n o e  o f t h i s  r e s u l t  i s  d iscu ssed  a t  
g re a te r  le n g th  in  th e  gen e ra l d is c u s s io n . (Page 1 0 0 ).
The in t r o d u c t io n  o f  A .rubens and F .b e rn h a rd u s  in t o  
th e  w a te r f lo w  p ass ing  over th e  t i p  o f  th e  
n e u ro p h y s io lo g i c a l p re p a ra t io n , produced re c o rd a b le  
a c t i v i t y  w i t h in  th e  R .N.C. F ig u re  6 a ,b , and c show th e  
response re co rd e d  t o  two d i f f e r e n t  s ize d  A s te r la s  rubens 
and Papurus bernha rd us . The s iz e  o f th e  response in  
te rm s  o f  a m p litu d e  and number o f reco rded  p o te n t ia ls  
in c re a s e d  w ith  th e  s iz e  o f the  A s te r la s  rubens added to  
th e  in te rm e d ia te  chamber. The response to  Papurus 
bernhardus was s im i la r  to  th a t  re co rd ed  to  a shadow 
s t im u lu s . S p ikes  ranged up to  40pv in  a m p litu d e  and 
th e re  was ev idence  o f d is c re te  b u rs ts  o f  s p ik e s  in  th e  
response . D e te c ta b le  a c t i v i t y  was a ls o  re co rd e d  i n  
response to  th e  presence o f P le u ro n e c te s  p la te s s a  o f 
le n g th  3cm and 9cm.
B e h a v io u r ..
The t o t a l  number o f  e xp e rim e n ta l an im a ls  re sp o n d in g  
to  each o f  th e  10 amino a c id s  and B e ta in e  s o lu t io n s  a re  
in d ic a te d  i n  F ig s .7 a & b The responses o f  th e  a n im a ls  to  
th e  minimum th re s h o ld  c o n c e n tra t io n  de te rm ined  i n  th e  
n e u ro p h y s io lo g ic a l e xpe rim en ts  f o r  each amino a c id  showed 
in c o n s is te n c ie s .  In  th e  case o f L -A la n in e  f o r  example 
none o f  th e  e xp e rim e n ta l an im a ls  showed any typ e  o f 
response a t  a c o n c e n tra t io n  o f  2 x  10 th e  le v e l
FIG . 7 a and b.
Graphs t o  i l l u s t r a t e  th e  t o t a l  numbers o f  
b r i t t l e s t a r s  showing any typ e  o f  b e h a v io u ra l 
responses to  d i f f e r e n t  b o n e e n tra t io n s  o f  amino 
a c id  s o lu t io n s .  A l l  c o n c e n tra t io n s  a re  o f  th e  
L - is o m e r.
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w h id i produced c o n s is te n t  re u ro p h y s io lo g ic a l responses.
S im i la r ly  no a n im a l showed a n y  type  o f b e h a v io u r to  th e  
minimum th re s h o ld  c o n c e n tra t io n  dete rm ined  f o r  th e  amino 
a c id  L -L e u c in e . A response was o n ly  e l i c i t e d  by an im als 
a t  th e  h ig h e r c o n c e n tra t io n  o f  2 x 10~ M. C o n s is ten t 
a c t i v i t y  was re co rd e d  from  th e  R.N. C, i n  response to  
s o lu t io n s  o f  th e  amino a c id s  L -P ro lin e  and L - S e r ine a t  
c o n c e n tra t io n s  o f  2 x  M. However a t  the  whole
an im a l le v e l ,  b e h a v io u ra l responses were e l i c i t e d  a t  the  
lo w e r c o n c e n tra t io n s  o f  2 x  The s ig n if ic a n c e  o f
t h i s  r e s u l t  i s  d e a lt  w ith  in  g re a te r  le n g th  in  th e  
g e n e ra l d is c u s s io n , p .98 . O ph iura  o p h iu ra  was a t t r a c te d  
to  a l l  10 amino a c id s  and B e ta in e  p re se n te d . The 
b e h a v io u r i n  response c o n s is te d  o f  movement tow ards th e  
source o f s t im u lu s ,  movement o f aqy one o f  up to  f i v e  
arms in  th e  w a te r column and th e  c h a r a c te r is t ic  arm 
c o i l in g  response . W ith  a l l  tt ie  chem ica ls  in v e s t ig a te d  ,
th e re  was a n o t ic e a b le  in c re a s e  in  th e  number o f an im a ls  j
show ing these  ty p e s  o f  behav iou r w ith  in c re a s in g  |ic o n c e n tra t io n  o f  th e  s o lu t io n s .  Table  2 in d ic a te s  th e  .Ipercen tage  o f  re sp o n d in g  a n im a ls  th a t  perfo rm ed th e  arm
.1c o i l in g  response a t  th e  d i f f e r e n t  c o n c e n tra t io n s  o f  th e  ^I10 amino a c id s  and B e ta in e  s o lu t io n s .  The arm c o i l in g  |
1response was c h a r a c te r is t ic  o f  D. o p h iu ra  i n  th e  presence \
o f  a foo d  ite m  and was observed p r io r  to  th e  sea rch ing  j
b e h a v io u r o f th e  an im a l f o r  th e  food  s t im u lu s . The amino II
a c id s  most p o te n t a t  e l i c i t i n g  t h i s  fe e d in g  b ehav iou r j
were L -V a lin e ,  L a c t ic  a c id ,  B e ta in e , N -a c e ty l-L -C y s te in e , j
L -S e r in e  and L -A la n in e .  However, th e  r e s u l t s  were !
in c o n s is te n t  between c o n c e n tra t io n s  and o n ly  in  th e  case a
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o f  L~ P ro lin e  was th e re  a g e n e ra l in c re a s e  in  the  
pe rcen tage  o f a n im a ls  e x h ib i t in g  th e  arm c o i l in g  response 
w ith  c o n c e n tra t io n  o f  th e  amino a c id .
The beh a v io u r o f  th e  o p h iu ro id s  to  th e  presence o f 
A s te r la s  rubens and Pagurus bernha rdus in  th e  c i r c u la t io n  
ta n k s  was v e ry  c o n s is te n t .  B r i t t l e s t a r s  l y in g  m o tio n le s s  
on th e  substra tum  rem ained i n  t h i s  s ta te  when approached 
by bo th  s iz e d  A s te r ia s  ru b en s . C ontact between th e  arm 
t ip s  o f  A. rubens and th e  o p h iu ro id s  e l i c i t e d  no response 
n o r d id  th e  movanent o f th e  s t a r f is h  a c ro ss  th e  d is c  o f  
th e  b r i t t l e s t a r .  No response was re c o rd e d  by any 
b r i t t l e s t a r  to  th e  approach o f  F .b e rn h a rd u s . However, 
any c o n ta c t between a w a lk in g  lim b  o r  ch e la e  o f  the  
h e rm it  c rab  and a iy  p a r t  o f th e  o p h iu ro id  r e s u lte d  in  th e  
im m ed ia te  movement away from  th e  v i c i n i t y  o f  th e  
P .b e rn h a rd u s  and th e n  a sudden c e s s a tio n  o f  a l l  m o tion . 
No movement o f  a i^  type  was re co rd e d  from  th e  
b r i t t l e s t a r s  a f t e r  th e  in t r o d u c t io n  o f  th e  F .be rnhardus 
e xcep t when t a c t i l e  s t im u la t io n  o ccu rre d .
O b se rva tio ns  were c a r r ie d  o u t on th e  responses o f
0. ODhiura to  th e  in t r o d u c t io n  o f  a fo o d  ite m  
(% t i l u s  e d u l is  t is s u e )  in t o  th e  in f lo w  o f  a sand 
bottom ed e x p e rim e n ta l ta n k . The b r i t t l e s t a r s  were 
i n i t i a l l y  b u r ie d  i n  th e  sand w ith  o n ly  th e  t i p s  o f  the  
arms p ro tru d in g  in t o  th e  w a te r column. In  over 35 
e xpe rim en ts , th e  in t r o d u c t io n  o f  th e  M .e d u lis  t is s u e  15cm 
away up c u r re n t  o f  th e  an im a l c o n s is te n t ly  re s u lte d  i n  
th e  fo l lo w in g  sequence o f  b e h a v io u r;
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1. S l ig h t  l a t e r a l  f le x u r e  o f th e  v i s ib le  
p o r t io n  o f  th e  arm t i p  n e a re s t th e  foo d  ite m .
2 . More ra p id  f le x u r e  o f th e  t i p  r e s u l t in g  i n  
th e  c o i l in g  o f  th e  d is t a l  segments.
3 . F le x u re  o f th e  d is t a l  h a l f  o f  th e  arm and 
th e  p a r t i a l  emergence from  the  sand. The o th e r 
fo u r  arms b e g in  to  wave i n  th e  w a te r column.
4 . Anim al moved o u t on to  th e  su rfa ce  o f th e  1
1
sand. A l l  arms were c o i l in g  r a p id ly .  The arm 
c lo s e s t  t o  th e  s t im u lu s  showed th e  most 
v ig o ro u s  c o i l in g  response ,
5 . Anim al moved tow ards  th e  food  ite m  in  a 
" z ig - z a g ”  p a t te rn ,  w ith  th e  le a d in g  arm w aving  
i n  th e  w a te r column.
6 . On lo c a t io n  o f  th e  food  ite m  th e  an im al
c o i le d  th e  arm around i t  and th e  b r i t t l e s t a r  
l i f t e d  i t s e l f  on to  th e  fo o d .
7 . Food was grasped i n  th e  mouth and a p ie ce  
r ip p e d  o f f  by th e  movanent o f th e  arm h o ld in g  
th e  fo o d  away from  th e  d is c .  Food was th e n
in g e s te d .
. . - A . ' '   I ? , .  .
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E xpe rim en ts  were c a r r ie d  o u t on 40 a n im a ls , to  
observe  t h e i r  responses to  a fo o d  ite m  p laced  f o r  
d i f f e r e n t  d u ra t io n s  c lo se  to  th e  b r i t t l e s t a r .  F i r s t l y  a 
p ie ce  o f  M .e d u lis  t is s u e  a tta c h e d  to  a le n g th  o f s t r in g  
was lo w e re d  to  w i t h in  2 cms. o f  the  b r i t t l e s t a r  and then  
im m e d ia te ly  ranoved. In  a l l  a n im a ls  th e  response was 
o n ly  a s l ig h t  f le x u r e  o f th e  arm t ip s .  S econdly the  food  
was a g a in  low e red  to  w i t h in  2 cms. o f  th e  a n im a ls , bu t 
th e n  l e f t  in  t h i s  p o s i t io n .  In  a l l  40 e xpe rim en ts  th e  
a n im a ls  im m ed ia te ly  emerged fro m  th e  sand and grasped th e  
fo o d  w ith o u t  any p r io r  arm w aving  o r  arm c o i l in g .  T h is  
suggests  th a t  each phase o f  th e  sequence o f  b e h a v io u ra l 
response d esc ribe d  above was i n i t i a t e d  as in c re a s in g  
amounts o f  the  re le v a n t chem ica l em anating fro m  the  food  
was d e te c te d . As c e r ta in  th re s h o ld s  o f  s t im u la t io n  were 
exceeded, d i f f e r e n t  phases o f  t h e  sequence were 
re le a s e d . The lo w e r in g  o f  th e  t is s u e  in t o  th e  w a te r 
c re a te d  a m echan ica l d is tu rb a n c e  th a t  was p robab ly  
d e te c ta b le  by th e  b r i t t l e s t a r s .  However, as th e  ra te  a t  
w h ich  th e  foo d  was lo w e re d  was ke p t c o n s ta n t measured by 
a s topw a tch , i t  was c o n s id e re d  t h i s  w ou ld  n o t d e tra c t  
from  th e  o v e r a l l  r e s u l t s .
-  43
JDIS.W S S IO N .
The u t i l i z a t i o n  o f  a number o f fe e d in g  methods i n  
o p h iu ro id s  re q u ire s  th a t  th e  an im a ls  possess an e f f e c t iv e  
chemosensory a b i l i t y .  (F o r re v ie w  o f o p h iu ro id  fe e d in g  
methods see W arner 1 98 2 ). O ph iura  liph i.u rA  i s  known to  
o b ta in  n u t r ie n ts  frcm  suspens ion  fe e d in g  (S tubbs and Cobb . 
1982) and scaveng ing, ( Nagabushanan and Colman 1959) and 
p re d a t io n .  P e r ip h e ra l c e l lu la r  t is s u e s  th a t  a re  e x te rn a l 
may be v a r ia b ly  dependant on th e  d i r e c t  up take  o f  amino 
a c id s  from  th e  s u rro u n d in g  seaw ater (see Ferguson 1982 
f o r  re v ie w ) .
Amino a c id s  have been shewn to  be e f f e c t iv e  
chemosensory s t im u l i  i n  f is h , ( C a r p io  1978) c ru s ta c e a n s , 
(C a rr  1978) and more r e c e n t ly  to  i n i t i a t e  a p p e t i t iv e  
b e h a v io u r i n  a number o f  echinoderm s (d e s c r ib e d  b e lo w ). 
0 .o p h iu ra  d e te c te d  a l l  te n  amino a c id s  and B e ta in e  and in  
a l l  cases th e  amino a c id s  e l i c i t e d  b e h a v io u ra l responses 
i n  th e  a n im a ls  in  th e  fo rm  o f  th e  arm c o i l in g  response a t  
c e r ta in  c o n c e n tra t io n s . C o l l in s  (1974, 1975) in d ic a te d  
t h a t  L -P ro l in e  from  c o ra ls  was re s p o n s ib le  f o r  a b o ra l arm 
c o i l in g  i n  th e  c ro w n -o f- th o rn s  s t a r f is h
A ca n th a s te r p la n c i and Moore and H uxley (1976), showed 
t h a t  a fe e d in g  response i n  th e  same an im a l co u ld  be 
e l i c i t e d  -b y  s in g le  amino a c id s . A ra k i (1965) 
dem onstra ted  t h a t  stomach e v e rs io n  i n  P a t ir a  m in ia ta  was 
in d uce d  by in d iv id u a l  amino a c id s  and Z a f i r io u  (1972)
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showed s in g le  amino a c id s  were w eakly a t t r a c t iv e  to  
A s te r ia s  v u lg a r is . V a le n t in c ic  (1975,1978) w o rk in g  w ith  
M a rth a s te r ia s  a la c la l i s  dem onstra ted  t h a t  th e  amino 
a c id s  L -C y s te in e  h y d ro c h lo r id e  and L - P ro l in e  were most 
s t im u la to ry  in  fe e d in g  and L -C y s te in e  e l i c i t e d  se a rch in g  
b e h a v io u r o r th e  a p p e t i t iv e  phase o f th e  fe e d in g  
response . Only C a s t i l la  (1972) has re p o r te d  th a t  both 
in d iv id u a l  and m ix tu re s  o f  amino a c id s  have proved 
" r e p e l le n t ”  to  th e  b e h a v io u ra l an im al A s te r ia s  rubens. 
I t  i s  d i f f i c u l t  t o  und e rs tan d  why t h i s  shou ld  have 
occured  in  th e  l i g h t  o f  a l l  th e  o th e r w o rk  where amino 
a c id s  have appeared a t t r a c t i v e  to  a number o f o th e r 
a s te ro id s .
The neurones re co rd e d  fro m  in  t h i s  s tudy  are  a lm ost 
c e r ta in ly  a c la s s  o f  in te rn e u ro n e s  and n o t th e  sensory 
neurones them se lves . The chem orecep to rs  i n
O ph iu ra  o p h iu ra  a re  no t lo c a te d  i n  s p e c ia liz e d  o rgans and 
a re  presumed to  be d is t r ib u te d  g e n e ra lly  o ve r th e  sp ines 
and tu b e fe e t .  The minimum th re s h o ld  c o n c e n tra t io n s  
re co rd e d  i n  t h i s  s tudy may th e re fo re  no t be th e  a b s o lu te  
th re s h o ld s  and i t  i s  p o s s ib le  th a t  th e  th re s h o ld s  f o r  
each sensory neurone a re  lo w e r th a n  those  measured when 
re c o rd in g  frcm  la rg e  in te rn e u ro n e s . E x c i ta t io n  o f  the  
in te r n e  urones may w e ll  be a fu n c t io n  o f  th e  o v e r a l l  in p u t 
from  th e  sensory re c e p to rs *  I t  must a ls o  be remembered 
t h a t  th e  b e h a v io u r s tu d ie s  were pe rfo rm ed  on whole 
a n im a ls  and n o t s in g le  arm p re p a ra t io n s  as i n  the  
e le c tro p h y s io l o g i c a l e xp e rim e n ts . The in c re a s e d  number 
o f  re c e p to rs  a v a i la b le  on th e  w ho le  an im a l compared to  a
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s in g le  arm, may be c r i t i c a l  i n  p ro v id in g  th e  needed 
e x c i t a t io n  to  produce an in te rn e u ro n e  s p ik e , and i n i t i a t e  
beh a v io u r i n  th e  w ho le  a n im a l. (The amino a c id s  
L -P ro l in e  and L -S e r i ne were d e te c te d  b e h a v io u r a l l y  a t a 
lo w e r c o n c e n tra t io n  th a n  when re c o rd in g
e le c tr o p h y s io l o g i c a l ly ,  le n d in g  w e ig h t to  th e  the o ry  th a t  
even lo w e r c o n c e n tra t io n s  a re  b e in g  p e rc e iv e d  a t  the  
re c e p to r  l e v e l ) . A t p re se n t th e  t ra n s d u c t io n  mechanism 
i n  echinoderm  chem oreception  i s  no t unde rs tood .
The th re s h o ld s  o f  d e te c t io n  f o r  each amino a c id  and 
B e ta in e  were c o n s is te n t  between p re p a ra t io n s  when 
re c o rd in g  e le c t r o p h y s io lo g ic a l ly .  The th re s h o ld s  o f  
b e h a v io u ra l response i n  th e  ta n k  e xp e rim e n ts  however 
v a r ie d  between in d iv id u a l  a n im a ls  and w ith  th e  e xce p tio n  
o f  L -S e r i ne and L -P ro l in e ,  were a lw ays a t  a much h ig h e r 
c o n c e n tra t io n . In  g e n e ra l th e  arm c o i l in g  beh a v io u r was 
most p re v a le n t a t  th e  h ig h e r  c o n c e n tra t io n s . Lower 
c o n c e n tra t io n s  e l i c i t e d  o n ly  a movement tow ards th e  
s t im u lu s , su gg e s ting  th a t  d i f f e r e n t  b e h a v io u r i n  th e  
a n im a ls  i s  e l i c i t e d  a t  d i f f e r e n t  c o n c e n tra t io n s . Reimer 
and Reimer (1975) w o rk in g  on fo u r  sp e c ie s  o f  o p h iu ro id s  
o f  the  genus Qphioderm a a ls o  showed t h a t  d i f fe r e n t  
c o n c e n tra t io n s  o f  c e r ta in  amino a c id s  produced d i f f e r e n t  
b e h a v io u ra l responses. A ga in  L -P ro l in e  e l i c i t e d  fe e d in g  
b e h a v io u r, b u t th e  arm c o i l in g  response was cons ide re d  by 
Reimer and Reimer to  re q u ir e  bo th  a chem ica l and 
m echan ica l s t im u lu s . T h is  was n o t th e  case i n  Q. o p h iu ra , 
where arm c o i l in g  was induced  o n ly  by th e  presence o f 
L -P ro l in e  i n  th e  w a te r column and n o t by th e  a d d it io n  o f
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mecdianical s t im u la t io n  o f  th e  tu b e - fe e t  as w e l l .
Amino a c id s  p re se n t i n  th e  w a te r column may s ig n a l a 
fo o d  source  i f  d e te c ta b le  c o n c e n tra t io n s  o f  these 
compounds a re  re le a s e d  by th e  n a tu ra l foods o f
0 . o p h iu ra . In  g en e ra l c a rn iv o re s  and scavengers respond 
to  commonly o c c u r r in g  amino a c id s  em anating  from  prey 
t is s u e .  The p ro te in s  o f  many m arine  in v e r te b ra te s  
c o n ta in  h ig h  le v e ls  o f  th e  amino a c id s  L -P ro l in e ,  
L -A la n in e , L -V a lin e ,  L -L e u c in e , and L -S e r in e .  (V egotsky 
and Fox 1962). In  a d d i t io n  many m arine in v e r te b ra te s  may 
e x c re te  as much as 20-30% o f  t o t a l  n it ro g e n  in d ig e s te d  i n  
th e  fo rm  o f  unchanged amino a c id s  (B a ld w in  1963). 
P o lycha e te s  commonly encounte red  i n  th e  h a b i ta t  o f 
0. ODhiura have been shown by Delauney (1913) and Fontes 
and Thouveny (1972) t o  c o n ce n tra te  f re e  amino a c id s  such 
as L - P r o l in e ,  L -A la n in e , L -L e u c in e  and L -S e r in e  
e x t r a c e l lu la r l y .  The a p p e t i t iv e  beh a v io u r e l i c i t e d  by 
these  amino a c id s  i n  th e  b r i t t l e s t a r s  sugges ts  th a t  these  
ch em ica ls  may s ig n a l th e  presence o f a f a m i l i a r  prey ite m  
i n  th e  e nv ironm en t.
D is ta n ce  chem oreception  p ro v id e s  in fo r m a t io n  no t 
o n ly  co n ce rn in g  p rey  re c o g n it io n  b u t a ls o  th e  
id e n t i f i c a t io n  o f  p re d a to rs . The s iz e  o f th e  p re d a to r 
and th e  th r e a t  i t  may p re se n t to  these b r i t t l e s t a r s  may 
be s ig n a lle d  n o t o n ly  by c e r ta in  compounds em anating  fro m  
th e  in d iv id u a l  p re d a to rs , b u t a ls o  by th e  r e la t iv e  
amounts re le a s e d  by th e  p re d a to r . C e ssa tion  o f  a c t i v i t y  
a t  th e  o nse t o f  p re d a to r  re c o g n it io n  may p re ven t
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d e te c t io n .  However, t h i s  b e h a v io u r i s  o v e rr id d e n  
t a c t i l e  s t im u la t io n  from  th e  p re d a to r r e s u l t in g  i n  th e  
recommencement o f m otor a c t i v i t y  and th e  ra p id  movonent 
away o f  th e  b r i t t l e s t a r  as d e s r ib e d  on page 40 . T h is  
p ro v id e s  f u r t h e r  ev idence f o r  a h ie ra rc h y  o f  response 
p re se n t w i t h in  th e  b r i t t l e s t a r s  dependant upon type  and 
le v e l  o f  s t im u lu s  in p u t .
The d i f f e r e n t  phases i n  th e  sequence o f  response 
f o l lo w in g  d e te c t io n  o f  a fo o d  ite m  have been v a r io u s ly  
d e s c r ib e d  i n  o th e r o p h iu ro id  sp e c ie s . Hyman (1955) 
d e s c r ib e d  th e  w aving movements o f  th e  arms i n  c a rn iv e ro u s  
sp e c ie s  fo llo w e d  by movement tow ards th e  fo o d . The arm 
c o i l in g  o r arm lo o p  has been d e s c r ib e d  as a common method 
o f  p u rv e y in g  foo d  to  th e  mouth i n  O ph iu ra  te x tu ra ta  
(Von U e x k u ll 1905) P e c t in u ra  m acu la ta  and
Ophiomyxa b rev iram a  (P e n tre a th  1970) and sp e c ie s  o f  
Ophiocoma (S id e s  1985). G r ip p in g  w ith  th e  jaw s w h ile  
push ing  away w ith  th e  arms to  te a r  p ie c e s  o f  th e  food  
ite m  b e fo re  in g e s t io n  was observed  i n  O ph iu ra  lu tk e n l  
(A u s t in  1966) .
D is ta n c e  chem oreception  i n  0 . o p h iu ra  was dependant 
upon d i r e c t io n a l  chem ica l cues, i f  th e  fo o d  ite m  was 
d o w n -cu rre n t from  th e  an im a l th e n  i t  was n o t d e te c te d . 
In  n o n -c e p h a lis e d  a n im a ls  such as b r i t t l e s t a r s ,  where 
th e  chem oreceptors a re  presum ably spread o ve r much o f th e  
body, o r ie n ta t io n  tow ards th e  source o f  a c h a n ic a l 
s t im u lu s  may be a r e s u l t  o f  th e  com parison o f  the  le v e l  
o f  sensory in p u t  between re c e p to rs  lo c a te d  on v a r io u s
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p a r ts  o f  the  body i . e .  arm t ip s .  Evidence f o r  t h i s  i s  |
suppo rted  by th e  " z ig - z a g ”  p a t te rn  o f  movement o f  the  |
b r i t t l e s t a r  tow ards th e  fo o d  ite m . I t  i s  suggested th a t
th e  an im a l moved i n  th e  g e n e ra l d i r e c t io n  o f  th e  arm
w hich  re c e iv e d  th e  g re a te s t  s t im u la t io n ,  i . e .  th a t  which 
was c lo s e s t  to  th e  fo o d  ite m . I f  however, i t  wandered so 
t h a t  a d i f f e r e n t  arm now re c e iv e d  a g re a te r  in p u t  because 
i t  was c lo s e r  to  th e  source o f s t im u la t io n ,  th e n  i t  
im m e d ia te ly  o r ie n ta te d  i n  t h i s  d i r e c t io n .  Movement 
co n tin u e d  in  t h i s  manner u n t i l  th e  an im a l lo c a te d  th e  
foo d  ite m . C hem oreception o f  t h i s  ty p e  i s  dependant upon 
a co n tin u o u s  d i r e c t io n a l  component. Reimer and Reimer 
(1975) dem onstra ted  t h a t  i f  th e  chem ica l s t im u lu s  la c k s  a 
d ir e c t io n a l  component u n co o rd in a te d  b e h a v io u r i n  
Qphioderm a spp. may r e s u l t .
S R m m  3
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M echanical s e n s i t i v i t y  i s  a b a s ic  p ro p e r ty  o f a l l  
a n im a ls . I t  has been dem onstra ted i n  a number o f m arine 
in v e r te b ra te s  and these  in c lu d e  Bryozoa, (Thorpe e t  a l 
1975) C te n o p h o ra ,(H o rrid g e  1966) C haetognatha, (H o rr id g e  
and B o u lto n , 1967 Bone and P u ls fo rd  1978) and Crustacea»
(Lave rack  1963), f o r  re v ie w  see Lave rack  (1 9 8 1 ). A g re a t 
desil o f  in te r e s t  has been c e n tre d  on a q u a tic  v e r te b ra te s  
such as f i s h ,  and th e  m echan ica l s e n s i t i v i t y  o f  the  
a C O u s t i C O - l a t e r a l i s  system , a un ique , h ig h ly  developed 
and d iv e r s i f ie d  i^s te m  o f sense organs ( f o r  re v ie w  see 
Hawkins and H o rner 1981 ). W ith in  th e  phylum 
Echinoderm ata , th e  s e n s i t i v i t y  to  m echan ica l movement has 
been in fe r r e d  la r g e ly  from  b e h a v io u ra l e xpe rim en ts . Cobb 
( 1968) d e s c r ib e d  a sensory h i l lo c k  on th e  g lo b ife ro u s  
p e d ic e l la r ia  o f e c h in o id s  and Campbell and Lave rack 
( 1968) showed i t  to  have a t a c t i l e  fu n c t io n .  However, 
more re c e n t ly  Campbell (1973) was unab le  to  dem onstra te  a 
response to  a w a te r borne v ib r a t io n  s t im u lu s  i n  these 
p e d ic e l la r ia e .  C e r ta in  echinoderm s p a r t i c u la r ly  c r in o id s  
and o p h iu ro id s  have been diown to  respond to  d i f f e r e n t  
c u r re n t  f lo w  ra te s , (Meyer and Macurda , 1980 and P e n tre a th  
1970).
In  t h i s  ch a p te r th e  m echan ica l s e n s i t i v i t y  o f 1
'I
0 . O D h i u r a  i s  d e sc rib e d  u s in g  e x t r a c e l lu la r  re c o rd in g s  t
from  th e  r a d ia l  nerve co rd . The range th a t  th e  
f.f.1 Qsf.nr» in  a h i f t . .. f.r> d e t e c t  l n  th e
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extends from  th e  n e a r f ie ld  re g io n  o f a v ib r a t in g  source 
to  th e  movement o f th e  a q u a tic  medium as a w ho le  in  th e  
fo rm  o f  w a te r c u r re n ts .  The b e h a v io u ra l responses o f  
u n fe t te re d  a n im a ls  to  s t im u la t io n  in  th e  same frequency 
range i s  d e s c r ib e d . The presence o f an in te ro re c e p to r  
lo c a te d  w i t h in  th e  sp in e , which i s  re s p o n s ib le  f o r  
m echan ica l s e n s i t i v i t y  i s  in fe r r e d  from
e le c tro p h y B io lo g ic a l re c o rd in g s  in  response to  th e
movement o f in d iv id u a l  arm sp in e s .
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MATERIAL AND METHODS. 
ülAfitr  QPhy Biol ogy.
E xperim en ts  were c a r r ie d  ou t on s in g le  arm 
p re p a ra t io n s . F iv e  o r a l  p la te s  and a p o r t io n  o f  th e  
a d ja c e n t la t e r a l  p la te s  w ere removed to  re v e a l th e  r a d ia l  
nerve co rd  (R .N . C. ) .  The arm, excep t th e  d is t a l  20 
segments was im m o b iliz e d , o ra l s id e  upperm ost i n  a
perspex clam p. R ecord ings were made as d e s c r ib e d  i n  
p re v io u s  ch a p te rs .
Vibration s t im u l i .
The s in g le  arm p re p a ra t io n  was p la ce d  i n  a two 
chambered d is h  c o n ta in in g  f i l t e r e d  seaw a te r, w ith  the  
d is t a l  20 segments is o la te d  from  th e  r e s t  o f  th e  arm by 
th e  perspex w a l l  d iv id in g  th e  d is h . T h is  ensured  th a t  
o n ly  the  d is t a l  p o r t io n  o f  th e  arm would  be s t im u la te d  
and e lim in a te d  a r t e fa c t s  caused by d isp la ce m e n t o f th e  
e le c tro d e  due to  w a te r  movement. The s t im u lu s  was 
produced by a v ib r a t in g  perspex ro d  s i tu a te d  5cm. away 
frcan th e  t i p  o f  the  arm m oving i n  an up and down 
d i r e c t io n .  A Servomex waveform  g e n e ra to r  coup led  to  a 
161 p u lse  g e n e ra to r  produced s in e  w aveform s a t  
■ frequenc ies  ra n g in g  fro m  1-50Hz. The an im a l was a llo w e d  
t o  a c c lim a t is e  f o r  1 h o u r i n  t o t a l  da rkness b e fo re  
commencement o f  th e  e xp e rim e n t. Ten m in u te s  w ere  a llo w e d
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between each s t im u la t io n  to  p re ve n t p o s s ib le  h a b itu a t io n  
to  th e  s t im u lu s . F i l t e r e d  seaw ater was used w h ich  was 
m a in ta in e d  a t  6 ° C. th ro u g h o u t each e xp e rim e n t.
d e te c t io n  Q £ . Hydrodynami c Pi sturhanoes.
The responses o f  th e  b r i t t l e s t a r s  t o  sudden 
hydrodynam ic d is tu rb a n c e s  w i t h in  th e  su rro u n d in g  medium 
was in v e s t ig a te d .  Sudden movement o f th e  w a te r was 
produced by th e  downward movement o f a perspex rod  
a tta c h e d  to  a m e d ia n ic a l tra n s d u c e r . T h is  was d r iv e n  hy 
a Servomex waveform  g e n e ra to r  coup led  to  a 161 pu lse  
g e n e ra to r w h ich  produced s in g le  square w aveform s. The 
w a te r movement produced was i n  th e  fo rm  o f a wave, 5cm. 
from  th e  t i p  o f  th e  arm. IWo p a r t i c u la r  aspe c ts  o f 
movenent i n  th e  s u rro u n d in g  medium were examined. 
F i r s t l y  th e  a b i l i t y  o f  th e  an im a l to  d e te c t w a te r 
movement o f d i f f e r e n t  m agn itudes and second ly  th e  a b i l i t y  
to  d e te c t d i f f e r e n t  ra te s  o f  movement o f th e  su rro u nd in g  
w a te r . D i f f i c u l t i e s  were encounte red  when q u a n t i fy in g  
th e  m agnitude o f w a te r  movenent due to  th e  c o m p le x it ie s  
in v o lv e d  in  m easuring  w aveform s in  an enc lose d  space. 
The r e la t iv e  in t e n s i t y  o f  th e  wave was expressed  in  term s 
o f  th e  amount o f  w a te r  d is p la c e d  by the  ro d  i n  a g iv e n  
t im e . S im i la r ly  th e  ra te  a t  w h ich  th e  wave moved was 
measured i n  te rm s o f  th e  ra te  a t  w h ich  th e  probe moved 
t h r o u ^  th e  w a te r ove r a g iv e n  d is ta n c e . The expe rim en ts  
were des igned to  t e s t  th e  an im a ls  a b i l i t y  to  p e rce ive  
r e la t iv e  diange i n  th e  su rro u n d in g  e n v iro n n e n t and n o t to
-  53 -
q u a n t ify  exac t th re s h o ld s . I t  was f e l t  t h a t  th e
l im i t a t io n s  o f  th e  e x p e rim e n ta l system p re c lu d e d  -
re p ro d u c in g  s t im u l i  th a t  w ou ld  be s ig n i f ic a n t  i n  an
Iu n fe t te re d  an im a l in  a n a tu ra l env ironm ent. In c re a s in g  î
m agn itudes o f  waves were produced by in c re a s in g  th e  
amount o f  w a te r d is p la c e d  from  th e  v a lu e s  o f
19mm. -  98mm. in  a 0 .5 s . p e r io d . The ra te  o f movement o f 
th e  wave was a ss igned  v a lu e s  o f  between
3mm. secT^ -  30mm. sec""^. S im ila r  e xpe rim en ts  w ere c a r r ie d  |
o u t on s in g le  arm p re p a ra t io n s  where a l l  th e  arm sp in e s  
on th e  d is t a l  20 segments o f th e  arm had been removed. 
T h is  was ach ieved  u s in g  f in e  watchm akers fo rc e p s  to  b reak 
th e  sp in e s  a t  th e  base. Two hou rs  were a llo w e d  f o r  th e  
an im al to  re c o v e r b e fo re  e x p e r im e n ta tio n . 25 
p re p a ra t io n s  were experim ented  on and each produced 
c o n s is te n t responses to  th e  s t im u l i  f o r  up to  8 h ou rs  
a f t e r  th e  rem oval o f  th e  sp in es .
JQII Jndivl dugtl  Spines.
R ecord ings were made from  th e  r a d ia l  nerve  co rd  i n  
response to  movement o f in d iv id u a l  la t e r a l  arm s p in e s . 
E xperim en ts were perfo rm ed on s e c tio n s  o f an is o la te d  arm 
p re p a ra t io n  w h ich  was im m o b iliz e d  u s in g  perspex clam ps 
e i t h e r  s id e  o f th e  la t e r a l  sp ine  examined. A wax cap 
(1mm. in  d ia m e te r) a tta c h e d  to  a f in e  d is s e c t in g  p in  was 
p laced  o ve r th e  t i p  o f  a la t e r a l  sp ine .* An 
e le c tro -m e c h a n ic a l tra n s d u c e r a tta c h e d  to  th e  p in  was 
used to  move th e  sp ine  i n  th e  re q u ire d  way. When th e
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sp ine  was ly in g  f l a t  a g a in s t th e  su rface  o f th e  arm i t  
was ass igned  an a r b i t a r y  va lu e  o f 0 ° .  The t i p  o f th e  
sp in e  was moved ou tw ards frcm  th e  arm a t a c o n s ta n t ra te  
t o  a ng les  from  1 -3 0 °  measured r e la t iv e  to  i t s  i n i t i a l  
p o s i t io n .  The sp in e  was a ls o  moved frcm  i t s  extended 
p o s i t io n  th ro u g h  a n g le s  frcxn 30° -  1° back t o  l i e  f l a t  
a g a in s t th e  arm. The ra te  a t  w h ich  th e  sp ine  was moved 
th ro u g h  a g iv e n  a n g le  (2 0 ° ) was v a r ie d  between 1 second 
and 0.1 second. A l l  th e  sp ines  excep t th e  s t im u la te d  one 
w ere  rmnoved, and expe rim en ts  were c a r r ie d  o u t i n  t o t a l  
darkness u s in g  f i l t e r e d  seaw ater m a in ta in e d  a t  a co ns ta n t 
6°C. Ten m in u te s  were a llo w e d  between each e xp e rim e n ta l 
movement. Each p re p a ra t io n  was a llo w e d  to  a c c lim a t is e  
i n  th e  dark  f o r  1 h o u r.
D e te c t io n  D f  D i f fe r e n t  Flow M t& a .
The b r i t t l e s t a r s  a b i l i t y  to  d is c r im in a te  between 
d i f f e r e n t  ra te s  o f  w a te r  f lo w  was exam ined. F i l t e r e d  
seaw ater a t a c o n s ta n t 6°C. was passed c o n t in u o u s ly  frcxn 
a co n s ta n t head r e s e r v o ir  over the  d is t a l  20 segments o f
- Ia s in g le  arm p re p a ra t io n  a t  a ra te  o f 3 .0 cm .se c  . The 
p re p a ra t io n  was a llo w e d  to  a c c lim a t is e  under these 
c o n d it io n s  in  t o t a l  darkness f o r  1 h o u r. The a d d i t io n  o f 
w a te r  frcxn th e  f lo w  re g u la to r  (F ig .1 )  in c re a s e d  th e  ra te  
o f  f lo w  p ass ing  o ve r th e  arm t i p .  The amount o f w a te r 
fro m  th e  f lo w  re g u la to r  was v a r ie d  by a l ig n in g  ^one o f  
s ix  d i f f e r e n t  d ia m e te r h o le s  d r i l l e d  th ro u g h  th e  f lo o r  
o f  th e  re g u la to r  w ith  th e  o u tf lo w . The ra te  o f  f lo w  was
FUS. 1 .
Diagram o f th e  a pp a ra tu s  used to  v a ry  th e  
w a te r f le w  p ass ing  a c ro s s  th e  t i p  o f  a s in g le  arm 
p re p a ra t io n .  F i l t e r e d  seaw ater f le w s  fro m  a 
c o n s ta n t head r e s e r v o ir  (A ) re g u la te d  by a a n a ll 
ta p  (R) and bypasses th e  in te rm e d ia te  r e s e r v o ir  
(C ) ,  The in te rm e d ia te  r e s e r v o ir  c o n ta in s  s ix  
h o le s  o f  d i f f e r e n t  d ia m e te rs  bored  t h r o u ^  th e  
f lo o r  o f  th e  c y l in d e r .  W ater f lo w  i s  in c re a s e d  b y  
r e v o lv in g  th e  to p  p o r t io n  o f  th e  r e s e r v o ir  to  
connect one o f  th e  h o le s  w ith  th e  o u t le t  (0 ) 
add ing  w a te r  to  th e  f lo w  le a d in g  to  th e  arm t i p .  
(S ) .
Not to  s c a le .
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in c re a se d  i n  s teps  up 3«6can.sec ^ . A f te r  each in c re a s e  
i n  f le w  th e  an im al was a llo w e d  to  a c c lim a t is e  f o r  
20 m inu tes  w ith  th e  f lo w  ra te  a t 3 .0cm .sec ^ .
D e te c tio n  Q L  A  .Prd d a to r .
The e xa m in a tio n  o f  p la ic e , ( P le u ro n e c tes 
g u t c o n te n ts ,(M o o re  1982) showed th a t  O .o p h iu ra  composed 
19>6 by wet w e ig h t o f th e  t o t a l  g u t c o n te n ts  and may be 
co ns ide re d  t o  be a s ig n i f ic a n t  foo d  component i n  t h i s  
f l a t f i s h .  E xperim ents were c a r r ie d  o u t to  in v e s t ig a te  
w he the r th e  b r i t t l e s t a r  was a b le  to  d e te c t th e  movement 
o f  a p la ic e  by th e  hydrodynam ic d is tu rb a n c e  i t  caused.
Two s iz e s  o f  p la ic e  were used, 3cm. and 9cm. in  le n g th
measured from  th e  snout to  th e  fo r k  o f  th e  t a i l .  F is h  o f 
t h i s  s iz e  were chosen because o f t h e i r  a v a i l a b i l i t y  and 
th e  l im i t a t io n s  i n  s iz e  o f th e  e xp e rim e n ta l a pp a ra tu s . 
R ecord ings were made as each p la ic e  swam a lo n g  a perspex 
b a r r ie r  p la ced  a t  r i g h t  a ng les  to  th e  arm t i p  and
a d ju s te d  so th a t  th e  n ea re s t p a r t  o f each p la ic e  was
a lw ays 5cm. from  th e  b r i t t l e s t a r .  Each p la ic e  was
p o s it io n e d  a t  one end o f  a perspex b a r r ie r  ru n n in g  a t  
r i g h t  a n ^ e s  to  th e  t i p  o f  th e  arm. The b a r r ie r  co u ld  be 
a d ju s te d  so th a t  th e  n e a re s t p a r t  o f each p la ic e  was
a lw ays th e  same d is ta n c e  frcm  the  arm between
e xp e rim e n ts . R ecord ings were made as th e  p la ic e  swam
a lo n g  th e  b a r r ie r  past th e  b r i t t l e s t a r  arm. The
e xpe rim en ts  were r e p l ic a te d  u n t i l  re c o rd in g s  frcmi 20 
d i f f e r e n t  a n im a is  were o b ta in e d  f o r  ead i s iz e d  p la ic e
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swimming a t  th e  same ra te  measured by a s to p w a td i.  
B e h a v io u r.
The b e h a v io u r o f  u n fe t te re d  a n im a ls  in  la b o ra to ry  
ta n k s  in  response to  th e  s t im u l i  p re sen ted  i n  the
n e u ro p h y s io lo g ic a l s tu d ie s  was obse rved . S in g le  
specimens were p la ced  i n  a sm a ll ta n k  o f  th e  same
d im ens ions used i n  th e  n e u ro p h ys io l o g ic a l s tu d ie s  and
a llo w e d  to  a c c lim a t is e  f o r  1 h ou r, i l lu m in a te d  by a 
s in g le  re d  p h o to g ra p h ic  lam p. The b e h a v io u r o f both  
a c t iv e  and in a c t iv e  specimens were reco rded  i n  response 
to  th e  perspex ro d  v ib r a t in g  a t  fre q u e n c ie s  o f  between 
1-50Hz. The responses o f  the  b r i t t l e s t a r s  to  p ressure  
waves o f  in c re a s in g  m agn itudes and ra te s  o f  movement 
p ass ing  a c ro ss  th e  an im a l were a ls o  re co rd e d . Twenty 
m in u tes  were a llo w e d  between each s t im u lu s  to  p reven t 
h a b itu a t io n  o f  th e  response . E xpe rim en ts  on th e
d is c r im in a t io n  between d i f f e r e n t  w a te r f lo w s  were c a r r ie d  
o u t on a n im a ls  i n  a la rg e  flum e ( F ig .2 ) .  The behav iou r 
o f  60 a n im a ls  to  in c re a s e s  i n  th e  w a te r f le w  which 
corresponded to  those  s tu d ie d  i n  th e  n e u ro p h y s io l o g ic a l 
expe rim en ts , were observed under th e  i l l u m in a t io n  o f a 
re d  p h o to g ra p h ic  lam p. Anim als were p laced  i n  th e  flum e 
and a llo w e d  to  a c c lim a t is e  to  a f lo w  ra te  o f 3 .0cm .sec \  
f o r  15 m in u tes  o r u n t i l  each rem ained q u ie s c e n t on the  
f lo o r  o f  th e  flu m e  f o r  5 m inu tes , in  th e  c h a r a c te r is t ic  
arm p o s tu re , w ith  th e  d is t a l  f i f t h  o f each arm extended 
upwards. The f lo w  was in c re a s e d  and th e n
FIG . 2 .
Diagram o f th e  a pp a ra tu s  used to  re c o rd  th e  
b e h a v io u r o f b r i t t l e s t a r s  i n  response to  w a te r 
f lo w .  The speed o f  th e  p ro p e lla r  a tta c h e d  t o  th e  
o u tb oa rd  m otor (B) i s  in c re a s e d  v ia  th e  v a r ia b le  
speed m o tor (A ) .  F i l t e r e d  seaw ater i s  c i r c u la te d  
i n  th e  d i r e c t io n  o f  th e  a rrow s and tu rb u le n c e  
reduced by den se ly  packed p la s t i c  s tra w s  (R) 
b e fo re  pass ing  a c ro s s  th e  an im al (X ) .  The w a te r 
depth i s  25cms. (W ). S ide  v ie w .
Not to  s c a le .
%
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th e  b e h a v io u r o f each an im a l noted. F iv e  m in u te s  was 
a llo w e d  between each f lo w  in c re a s e  d u r in g  w h ic h  tim e  the  
ra te  was re tu rn e d  to  a c o n s ta n t 3 .0 c m .s e c "" \
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libration S.timul.us.
The responses o f  f i v e  d i f f e r e n t  p re p a ra t io n s  to  a 
range o f fre q u e n c ie s  o f between 1-50Hz. a re  i l l u s t r a t e d
i n  ( F ig . 3 ) .  T y p ic a l e x t r a c e l lu la r  re c o rd in g s  a t
d i f f e r e n t  fre q u e n c ie s  shew two d is t in c t  p a t te rn s  o f 
response (F ig .3 a  & b ) .  F requenc ies  o f  v ib r a t io n  o f 
1-20Hz. in c lu s iv e  produced t y p ic a l  p a t te rn s  o f  response 
( F ig .3 a ) .  The response i s  c h a ra c te r iz e d  by th e  presence 
o f numerous sm a ll am p litud e  s p ike s  (1 0 -1 5 p v ), few sp ik e s  
above 35pv and th e  absence o f  sp ike  b u rs ts .  T h is  ty p e  o f 
response i s  s im i la r  to  re c o rd in g s  made d u r in g  th e  la t e r a l  
f le x u r e  o f th e  u n re s tra in e d  arm t i p .  A t fre q u e n c ie s
above 20Hz. th e  p a t te rn  o f  reco rded  response c o n s is te d  
o f  a complex i n i t i a l  b u rs t  o f s in g le  u n i t  a c t i v i t y  and 
th e r e a f te r  d is c re te  b u rs ts  o f  sp ike s  th e  la r g e s t  between 
40-45pv ( F ig .3 b ) .  The p a t te rn  o f  response was s im i la r  to  
those  reco rded  to  a shadow s t im u lu s .
FIG. 3 .
Graph showing th e  t y p ic a l  responses i n  te rm s 
o f  t o t a l  number o f  re co rd ed  s p ik e s  o f  f i v e  
in d iv id u a l  an im a ls  o u t o f  25 p re p a ra t io n s  to  a 
range o f  fre q u e n c ie s  o f  v ib r a t io n .  ( 1 -50H z).
a) E x t r a c e l lu la r  re c o rd in g  fro m  th e  R .N .C , in  
response to  fre q u e n c ie s  o f  v ib r a t io n  o f  between 1 
and 20Hz. b) E x t r a c e l lu la r  re c o rd in g  fro m  th e  
R.N.C. in  response to  fre q u e n c ie s  o f  v ib r a t io n  o f  
above 20Hz. Note th e  two d i f f e r e n t  p a t te rn s  o f  
response. The lo w e r arrow  in d ic a te s  th e  
i n i t i a t i o n  o f  th e  s t im u lu s .
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Hydrodynamjo P is tu rb a n Qe s t im u l i .
The mov«nent o f  th e  perspex ro d  and subsequent wave 
w h ich  passed a c ro ss  th e  t i p  o f  th e  arm re s u lte d  i n  a 
b u rs t  o f  sp ike s  re co rd e d  e x t r a c e l lu la ly  from  th e  r a d ia l  
nerve co rd . Eadi response c o n s is te d  o f  a v a r ia b le  number 
o f  u n i ts  between 10~45pv. dependant upon s t im u lu s . 
In c re a s in g  th e  m agnitude o f th e  p ressu re  wave e l i c i t e d  a 
co rre sp on d ing  in c re a s e  i n  th e  s iz e  and number o f u n i t  
p o te n t ia ls  w i t h in  th e  reco rded  response ( F ig . 4 ) .  The 
i n i t i a l  b u rs t o f  s p ike s  i n  th e  p a t te rn  became more 
complex w ith  in c re a s in g  m agnitude and re g u la r  sp ike  
b u rs ts  were e v id e n t.  Ih e  g re a te r  m agnitude waves 
re s u lte d  in  a p a t te rn  o f  response th a t  i s  s im i la r  to  the  
shadow response. In c re a s in g  th e  ra te  a t  w h ich  the  
p re ssu re  wave moved a c ro s s  th e  arm t i p  re s u lte d  i n  an 
in c re a s e  in  th e  s iz e  o f  re c o rd a b le  s p ik e , b u t a decrease 
i n  th e  number o f  s m a lle r  s p ike s  w i t h in  th e  response 
( F ig .5 ) .  The la r g e s t  sp ike  measured around 40pv. No 
response was e l i c i t e d  fro m  th e  R.N.C. to  movement o f th e  
waves o f  aqy m agnitude once th e  sp in es  had been removed 
( F ig .6 ) .  The shadow response co u ld  s t i l l  be reco rded  
however in d ic a t in g  t h a t  th e  s u c tio n  e le c tro d e  rem ained 
a tta c h e d  to  th e  R .N.C. subsequent to  th e  rem oval o f th e  
s p in e s  and th e  nervous system rem ained fu n c t io n in g .  T h is  
a ls o  in d ic a te s  th a t  th e  shadow response i s  n o t w h o lly  
a s s o c ia te d  w ith  th e  sp in e s .
FIG. 4 .
E x t r a c e l lu la r  re c o rd in g s  from  th e  R .N .C . i n  
response to  s in g le  waves o f  in c re a s in g  m agnitude 
p ass ing  a c ro ss  th e  t i p  o f  a s in g le  arm ^  
p re p a ra t io n .  The d isp lace m e n t o f  a) 19cjm .
b) 39can^ . c ) 78cm^ . d ) 98cm^ . o f  w a te r  ove r 
a 0 .5  second p e r io d  produces th e  waves o f  
in c re a s in g  m agn itude . The lo w e r tra c e  in d ic a te s  
th e  moment o f  a p p l ic a t io n  o f  th e  s t im u lu s .
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FIG . 5 .
E x t r a c e l lu la r  re c o rd in g s  i n  response to  
s in g le  waves p a ss in g  a c ro s s  th e  arm t i p  a t  
in c re a s in g  ra te s ,  a) 3mm. s e ^ '  . b) 12mm. sec”  .
c) 20mm.sec . d) 30mm.sec”  . The lo w e r tra c e  
in d ic a te s  th e  moment o f a p p l ic a t io n  o f  th e  
s t im u lu s .
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FIG. 6 .
a) Responses reco rded  e x t r a c e l lu la r l y  in  
response to  th e  repea ted  d isp lace m e n t o f  78mm o f  
w a te r i n  a 0 .5  second p e r io d  to  produce s in g le  
waves re s u lte d  i n  a complex t r a i n  o f  s in g le  u n i t  
a c t i v i t y  from  an in t a c t  s in g le  arm p re p a ra t io n ,
b) Same s t im u l i  p resen ted  to  th e  s in g le  arm 
p re p a ra t io n  a f t e r  th e  arm sp in e s  have been 
removed, r e s u lte d  in  no re c o rd a b le  a c t i v i t y  from  
th e  R .N .C . c ) The shadow response re co rd ed  frcm  
th e  p re p a ra t io n  w ith  th e  sp in es  removed in d ic a te  
th a t  a b la t io n  o f  th e  arm sp in e s  had n o t a f fe c te d  
th e  a b i l i t y  to  re c o rd  responses from  th e  R.N.C.
The I w e r  t ra c e  i n  a) and b) and th e  a rrow  in  c) 
in d ic a te  th e  i n i t i a t i o n  o f  th e  s t im u l i .
D)
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Mov_ement Q L  In d iv id u a l .Spine.g.»
The movement o f a s in g le  la t e r a l  sp in e  produced a 
response in  th e  form  o f a number o f s in g le  u n i t  
p o te n t ia ls  t h a t  were re c o rd a b le  from  th e  R .N .C . o f  the  
b r i t t l e s t a r .  Both th e  number and th e  a m p litu d e  o f 
re co rd ed  s p ik e s  in c re a s e d  as th e  ang le  th ro u g h  which th e  
sp ine  was moved in c re a s e d  ( F ig .7 ) .  The movement o f a 
sp in e  10*  ^ r e la t i v e  to  i t s  i n i t i a l  p o s i t io n  re s u lte d  in  a 
s in g le  p o te n t ia l  b e ing  reco rded  (a m p litu d e  15pv) w h i ls t  
movement th ro u g h  an a ng le  o f 25° p roduced a complex 
b u r s t ,  re c o rd a b le  from  th e  nervous q rstem  w ith  th e  
la r g e s t  u n i t  a p p ro x im a te ly  45pv. In c re a s in g  th e  ra te  a t 
w h ich  a s in g le  sp ine  was moved th rough  a g iv e n  ang le  
e l i c i t e d  a co rre sp o n d in g  in c re a s e  i n  th e  re c o rd a b le  
response in  te rm s  o f bo th  number and a m p litu d e  o f u n i t  
(F ig .8 a ,b ,  c ) . In  a l l  the  re c o rd in g s  th e re  was an obv ious 
la g  p e r io d  between th e  onset o f the  s t im u lu s  and th e  
re co rd ed  response . The d u ra t io n  o f t h i s  la g  p e r io d  was 
dependant upon th e  ra te  a t  w h ich  the  sp in e  was moved. 
The f a s t e r  th e  sp ine was moved, th e  la r g e r  th e  reco rded  
p o te n t ia l  and th e  g re a te r  th e  decrease i n  th e  tim e  
between s t im u lu s  and reco rded  response . T h is  suggests 
t h a t  th e  la r g e r  d iam ete r neurones from  w h ich  th e  sp ikes  
a re  re co rd ed  may have a g re a te r  co n d u c tio n  r a te  th a n  the  
s m a lle r  neurones. F u r th e r  expe rim en ts  were c a r r ie d  o u t 
where two in d iv id u a l  l a t e r a l  sp in es , on a d ja c e n t segments 
were moved s im u lta n e o u s ly . In c re a s in g  th e  r a te  a t w h ich  
th e  two s p in e s  were moved th rough  a g iv e n  ang le
FIG. 7 .
E x t r a c e l lu la r  re c o rd in g s  from  th e  R .N .C . i n  
response to  th e  mdvanent o f  in d iv id u a l  la t e r a l  
sp in e s , th ro u g h  ang le s  o f  a) 10° . b ) 15° .
c) 20° . d) 25° . r e la t i v e  to  t h e i r  i n i t i a l  
p o s i t io n  ly in g  f l a t  a g a in s t th e  arm o f th e  
a n im a l. The lo w e r tra c e  in d ic a te s  th e  moment a t 
w h ich  th e  sp in e s  were moved.
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FIG. 8
Responses reco rded  t o  th e  movement o f 
in d iv id u a l  sp in e s  a t  in c re a s in g  ra te s  o f
a) 1 second, b ) 0 .6  second, c ) 0.1 seconds 
th rou g h  an a n g le  o f  20° measured r e la t i v e  to  
t h e i r  i n i t i a l  p o s i t io n ,  d ) ,  e) and f )  a re  the  
re co rd ed  responses to  th e  s im u ltaneous  movaaents 
o f  two a d ja c e n t sp ines  a t  th e  same ra te s .  The 
second response  in  each re c o rd  i s  th e  movement o f 
th e  sp in e s  back to  t h e i r  o r ig in a l  p o s i t io n s .  The 
lo w e r t ra c e s  in d ic a te  th e  p o in ts  a t  w h ich  th e  
sp in e s  were moved.
CD
O
C / )
- 6 1  -
( F ig .8 d ,e , f )  e l i c i t e d  n o t o n ly  a co rre sp o n d in g  in c re a s e  
i n  response w ith  ra te ,  b u t an in c re a s e  in  th e  response 
when compared to  movement o f a s in g le  sp in e  a t  
co rre sp o n d in g  ra te s .  A s im i la r  b u rs t  o f  sp ike s  was 
re co rd ed  when th e  sp in e s  were moved back t o  t h e i r  
o r ig in a l  p o s i t io n s  ly in g  f l a t  a g a in s t th e  s u rfa c e  o f th e  
arm.
The same e xpe rim en ts  w ere c a r r ie d  o u t on s in g le  arm 
p re p a ra t io n s  where a l l  s u rfa c e  s t ru c tu re s  and e p ith e liu m  
frcan th e  sp in es  and arm were s t r ip p e d  away u s in g  a 50$ 
s o lu t io n  o f  dom estic  b le a c h . L a te r  e xa m in a tio n  under the  
S .E . M. and T .E . M. v e r i f i e d  t h i s .  Under these  
c ircu m s ta n ce s  responses were s t i l l  re co rded  fro m  R.N.C. 
to  movement o f s in g le  la t e r a l  sp in e s , b o th  th r o u ^ i 
in c re a s in g  a n g le s  and a t  in c re a s in g  ra te s .
Detection I I jqw JSate.
In c re a s in g  th e  f lo w  ra te  e l i c i t e d  a c o rre sp o n d in g  
in c re a s e  in  th e  response re co rd e d  from  th e  R .N .C . o f  th e  
b r i t t l e s t a r s  ( F ig . 9 ) .  The response was i n  th e  form  o f  a 
b u rs t  o f s in g le  u n i t  p o te n t ia ls  ( SOpv) re c o rd e d  a t  th e  
onse t o f th e  f lo w  ra te  in c re a s e , th e  number o f w h ich  
in c re a s e d  w ith  ra te .  An in c re a s e  o f o n ly  0.7cm .secT^ was 
s u f f i c i e n t  to  produce d e te c ta b le  a c t i v i t y  from  the  
R.N. C.
FIG. 9 .
Graph i l l u s t r a t i n g  th e  t y p ic a l  responses o f  
f i v e  in d iv id u a l  a n im a ls  o u t o f  25 te s te d  to  
in c re a s e s  i n  w a te r f le w .  The t o t a l  number o f 
s p ik e s  p re se n t i n  each e x t r a c e l lu la r  re c o rd in g s  i s  
p lo t te d  a g a in s t in c re a s e s  i n  th e  f lo w  ra te  o f  the  
w a te r .
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D e te c t io n  Q L  A  P re d a to r .
S in g le  u n i t  a c t i v i t y  in  response to  th e  movement o f 
th e  d i f f e r e n t  s iz e d  P .p la te s s a  was re c o rd a b le  from  the  
R.N.C. ( F ig . 1 0 ). The responses d i f fe r e d  i n  term s o f 
s iz e  and number o f  re co rd ed  s p ik e s . The raovanent o f the  
la r g e r  9cm. P. p la te s s a  e l i c i t e d  th e  g re a te r  response
w ith  sp ike  a m p litu d e s  o f  a p p ro x im a te ly  30pv. However i t  
i s  n o t d e a r  w he the r th e  responses a re  due e n t i r e ly  to  
hydrodynam ic d is tu rb a n c e  caused by th e  movanent o f the
p la ic e  o r i f  th e re  i s  a cheraosensory component p re sen t.
0. o p h iu ra  has been ^ o w n  to  be a b le  to  d e te c t P. p la te ssa  
by d is ta n c e  chem orecep tion . These e xpe rim en ts  must be 
re ga rded  as p re lim in a ry  and f u r t h e r  e xpe rim en ts  a re
necessary.
■Multiple PlAOtrodo Jlcgo.r.dinss. 
*
S im u ltaneous re c o rd in g s  frcxQ two d i f f e r e n t  p o s it io n s  
on th e  R.N.C. in  response to  a perspex ro d  v ib r a t in g  a t a 
fre q u e n cy  o f 25Hz. re s u lte d  i n  responses th a t  were 
sirailcu» i n  p a t te r n  a t  th e  two re c o rd in g  s i te s .  
( F ig .  1 1 ) . T h is  in d ic a te s  th a t  th e  response to  t h i s  
m echan ica l s t im u la t io n  i s  c a r r ie d  to  a l l  p a r ts  o f the  
a n im a l in  a s u b s ta n t ia l ly  u n a lte re d  fo rm . S p ikes ranged 
i n  a m p litu d e  from  10-35pv.
FIG. 10 .
T y p ic a l e x t r a c e l lu la r  re c o rd in g s  fro m  th e  
R.N.C. i n  response to  th e  movements o f  two 
d i f f e r e n t  s iz e d  P le u ro n e c te s  p la te s s a . a ) 3cm.
b) 9cm. The le n g th  o f  f i s h  measured fro m  snout to  
f o r k  o f  th e  t a i l .  Note t i ie  g re a te r  response in  
te rm s o f  s iz e  and number o f  reco rded  s p ik e s  to  th e  
la r g e r  s iz e d  f i s h .
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FIG. 11.
S im u ltaneous  e x t r a c e l lu la r  re c o rd in g s  in  
response to  a perspex ro d  v ib r a t in g  a t  25Hz, 
fre q u e n cy  fo r  20 seconds. S denotes th e  arm t i p  
s t im u la te d  and R-| and R2 a re  th e  e le c tro d e s  
p o s it io n e d  on d i f f e r e n t  arms. The s t im u la te d  arm 
i s  p h y s ic a l ly  is o la te d  frcan th e  r e s t  o f  th e  an im al 
by a perspex b a r r ie r  to  p re ven t detachm ent o f  the  
e le c tro d e s  by the  w a te r movement. The a rrow s 
in d ic a te  groups o f  u n i ts  th a t  a re  s im i la r  a t  bo th  
re c o rd in g  s i t e s .  The response to  m echan ica l 
s t im u la t io n  i s  conducted to  th e  o th e r arms in  a 
s u b s ta n t ia l ly  u n a lte re d  fo rm .
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The b r i t t l e s t a r s  e x h ib ite d  two d is t in c t  b e h a v io u ra l 
responses a t  d i f f e r e n t  fre q u e n c ie s  o f  v ib r a t io n  produced 
i n  the  su rro u n d in g  w a te r .  F i r s t l y ,  th e  perspex ro d  
v ib ra te d  a t  fre q u e n c ie s  o f  20Hz. and be low  proved 
a t t r a c t iv e  to  th e  a n im a ls . Q u iescen t a n im a ls  moved 
r a p id ly  tow ards th e  source o f  s t im u lu s , w aving  th e  d is t a l  
p o r t io n s  o f  th e  le a d in g  arm s. The ro d  v ib r a te d  a t  
fre q u e n c ie s  o f  above 20Hz. had no e f f e c t  on th e  
b eh a v io u r o f  q u ie s c e n t in d iv id u a ls ,  b u t  an im a ls  
e x h ib i t in g  any type  o f movement im m ed ia te ly  ceased a l l  
a c t i v i t y  a t  th e  onse t o f th e  s t im u lu s . T h is  f r e e z in g  o f 
th e  an im a l was th e  same response w h ich  was e l i c i t e d  by 
th e  d e te c t io n  o f  a shadow s t im u lu s .  The s ig n if ic a n c e  o f 
t h i s  o b s e rv a tio n  to  0 .o p h iu ra  i s  d iscussed  on page 66 .
The same two b e h a v io u ra l responses were e x h ib ite d  by 
th e  b r i t t l e s t a r s  a t  d i f f e r e n t  m agnitudes and ra te s  o f 
movanent o f  p re ssu re  waves produced c lo se  to  th e  t i p  o f 
th e  a n im a l. In  g en e ra l w a te r  movements o f  low  m agnitude 
and slow r a te s , ( a r b i t a r y  v a lu e s  o f  19mm. and 6mm.sec-1 
and below), e l i c i t e d  movement i n  th e  an im a ls  tow ards  th e  
source o f  s t im u lu s . H ig h e r m agnitude, f a s t e r  moving 
p re ssu re  waves, ( a r b i t a r y  v a lu e s  o f  above 19mm, and 
6mm. sec-1), produced no response in  th e  b e h a v io u r o f 
q u ie s c e n t a n im a ls  b u t b ro u g h t about th e  im m ediate  
c e s s a tio n  o f  a c t i v i t y  in  any specimen owing any typ e  o f 
movement. The " f r e e z in g "  o f  th e  an im al o c c u rre d  a t  the
TABLE 1; B e h a v io u r o f  0 . o p h iu ra  in  response to  in c re a s e s  in  th e  ra te  o f  
f lo w  o f  w a te r .
Inc rease  
ra te  (cm.
in  f lo w
“ 1 \sec ) .
No Response Arm Waving
i
Movement
Downstream
io
Movement
Upstream
$
0 .7 8 5 .0  . 1 .6 6 .7 6 .7
1.2 68 .3 6 .7 10 .0 15.0
2 .0 60 .0 5 .0 10.0 2 5 .0
2 .6 3 3 .3 8 .4 8 .3 5 0 .0
3 .6 2 0 .0 6 .7 3 .3 67 .0
Flow ra te  a t  a c o n s ta n t 3 .0cm ,sec”" 
Numbers o f  a n im a ls  re sp o n d in g  as a
b e fo re  each 
percen tage  o f
in c re a s e  in  r a te ,  
th e  t o t a l  number o f
a n im a ls .
N=60
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o nse t o f th e  s t im u lu s .
The e x p e rim e n ta l an im a ls  perform ed th re e  d is t in c t  
ty p e s  o f  b e h a v io u r to  an in c re a se  i n  th e  f lo w  ra te  
(T a b le  1 . )  nam ely, a t t r a c t io n  tow ards o r away from  th e  
d i r e c t io n  o f  w a te r f lo w  and th e  w aving o f  th e  arm t ip s  in  
th e  w a te r  column. A n im a ls p laced  i n  th e  flu m e  b e fo re  
e x p e r im e n ta tio n  a t  a f lo w  ra te  o f 3.0cm .secT^ shewed no 
movement tow ards o r away from  th e  d ir e c t io n  o f  f lo w .  A l l  
an im a ls  rem ained q u ie s c e n t i n  th e  c h a r a c te r is t ic  arm 
p o s tu re , w ith  th e  arms f le x e d  a b o ra lly  to  e x tend  up in t o  
th e  w a te r  column. The t o t a l  number o f a n im a ls  showing 
changes i n  b e h a v io u r in c re a s e d  as th e  f lo w  ra te  was 
in c re a s e d . P o s i t iv e  r h e o ta c t ic  b eh a v io u r was th e  most 
common response to  in c re a s in g  w a te r f lo w .  Whereas a l l  
th e  p re p a ra t io n s  in  th e  n e u ro p h y s io lo g ic a l s tu d ie s  showed 
a re c o rd a b le  response a t  a f lo w  ra te  in c re a s e  o f 
0 .7cm. secT^, o n ly  a sm a ll percentage in d ic a te d  th a t  they 
had d e te c te d  t h i s  in c re a s e  by b e h a v io u ra l changes.
No b e h a v io u ra l response was e l i c i t e d  fro m  u n fe t te re d  
b r i t t l e s t a r s  to  th e  movement o f th e  two p la ic e  w i t h in  th e  
e x p e r im e n ta l ta n k . A n im a ls  w h ich  were q u ie s c e n t rem ained 
so and b r i t t l e s t a r s  showing any typ e  o f  movement 
co n tin u e d  to  do so. T h is  i s  d iscussed  on page 6 6 .
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DISCUSSION
The s e n s i t i v i t y  o f 0. o p h iu ra  to  movement i n  the  
a q u a tic  medium extends from  d e te c t io n  in  th e  near f i e l d  
re g io n  o f  a v ib r a t in g  source th rough  th e  f a r  f i e l d  
p ropagated  p re ssu re  wave to  th e  movement o f the  
env ironm ent per se i n  th e  fo rm  o f w a te r c u r re n ts .
The fre q u e n c ie s  o f  v ib r a t io n  d e te c te d  by the  
b r i t t l e s t a r  f a l l  in t o  a range w hich i s  s im i la r  to  those 
d e te c te d  by o th e r  m arine  in v e r te b ra te s  and l i e s  a t  th e  
v e ry  lo w e s t p e r io d ic i t y  1-100Hz. H o rr id g e  (1966) 
dem onstra ted  th e  s e n s i t i v i t y  o f  th e  f in g e r s  o f  Leucothoe 
to  v ib r a t io n ;  Josephson (1961) re p o r te d  th a t  th e  hydran th  
o f  th e  hydrosoan po lyp  Syncorvne bent tow ards a sm all 
v ib r a t in g  o b je c t  p laced  c lo s e  by and Thorpe (1975) 
dem onstra ted  th e  s e n s i t i v i t y  o f  c o lo n ia l b ryozoan  to  low 
fre qu e ncy  m ovanents. However these a u th o rs  p ro v id e d  no 
e x p ia  n a tio n s  f o r  t h i s  b e h a v io u r. H o rridg e  and B o u lto n
( 1967) dem onstra ted  th a t  chae togna ths were a t t r a c te d  to  a 
v ib r a t in g  source between 9-20Hz. b u t above these 
fre q u e n c ie s  th e  a n im a ls  perfo rm ed  an escape response. 
Campbell and Lave rack  (1968) in v e s t ig a te d  th e  response o f 
v a r io u s  p e d ic e l la r ia e  on E .e s c u le n tu s  to  v ib r a t io n s  
gen e ra te d  by an o s c i l la t o r  bu t found  th a t  th e  fre q u e n c ie s  
used were a l l  in e f f e c t iv e  i n  evok ing  c lo s u re  o f 
p e d ic e l la r ia e .  I t  i s  d i f f i c u l t  to  c o r re la te  the  
v ib r a t io n  s t im u lu s  p re sen ted  under la b o ra to ry  c o n d it io n s
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w ith  any known s t im u lu s  o c c u r r in g  in  th e  b r i t t l e s t a r s  
n a tu ra l env ironm ent. Josephson (1961) and H o rr id g e  and
B o u lto n  ( 1968) suggest th a t  th e  lo w e r f re q u e n c ie s  may 
r e la te  to  movement o f prey such as p la n k to n ic  
c ru s ta ce a n . Schoener, (1971) D earborn , (1977) Macurda, 
( 1976) and Tsurnamel and Harder (1966) d is c u s s  th e  
p o s s ib i l i t y  th a t  c a rn iv o ro u s  o p h iu ro id s  ca p tu re  
p la n k to n ic  sp ec ies  and sm a ll swimming organ ism s i n  an arm 
lo o p . T h is  would  re q u ire  the  i n i t i a l  d e te c t io n  o f the  
prey ite m  p o s s ib ly  by th e  d e te c t io n  o f th e  l^rdrodynaraic 
d is tu rb a n c e  caused by the  an im a ls  movements. 0. o ph iu ra  
i s  unab le  to  fe e d  i n  t h i s  way because o f th e  s tu c tu re  o f 
th e  arms and w ou ld  th e re fo re  have l i t t l e  advantage in  
d e te c t in g  p rey  in  such a manner. The s ig n if ic a n c e  o f 
d e te c t in g  w a te r borne v ib r a t io n s  i s  th e re fo re  no t d e a r .
The c e s s a tio n  o f  a c t i v i t y  in  0. o p h iu ra  has been 
re la te d  to  p re d a to r avoidance and th e  same b eh a v io u r in  
response to  th e  h ig h e r fre q u e n c ie s  o f  v ib r a t io n  may be an 
in d ic a t io n  th a t  th e  b r i t t l e s t a r  r e la te s  t h i s  type  o f 
s t im u lu s  to  some fo rm  o f th r e a t ,  i . e .  movement o f  a 
f l a t f i s h .  S im i la r i l y ,  sudden in te n s e  movements o f  th e  
s u rro u n d in g  w a te r in  th e  form  o f f a s t  m oving p ropagated  
p re ssu re  waves in d ic a te  a lo c a l is e d  w a te r  d is tu rb a n c e . 
I f  caused by a p re d a to r im m ediate c e s s a tio n  o f  a c t i v i t y  
may in c re a s e  th e  an im a ls  ciiances o f s u rv iv a l by escap ing 
d e te c t io n .  The o p h iu ro id  has been shown to  d e te c t 
movement o f  f l a t f i s h  n e u ro p h y s io lo g ic a lly ,  b u t w hether 
th e  f i s h  used w ere o f a s iz e  to  p re se n t a th r e a t  and 
e l i c i t  a response i s  d o u b tfu l.  T h is  i s  su pp o rted  by the
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a n a ly s is  o f  P .p la te s s a  g u t c o n te n ts , (M oore 1982 ). 
■Q.ophiura was found  o n ly  in  th e  stomachs o f  p la ic e  
249mm. o r  more i n  le n g th ,  s u g g e s tin g  th a t  o n ly  la rg e  
p la ic e  were p re d a t in g  on th e  b r i t t l e s t a r s .  C e ssa tio n  o f  
a c t i v i t y  o f  th e  arm t ip s  when th e  re s t  o f th e  an im a l i s  
b u r ie d  i n  th e  sand, may a ls o  in c re a s e  the  chances o f  th e  
an im a l escap ing  p a r t i a l  p re d a t io n  o f these  p a r ts .  Over 
755t o f  th e  a n im a ls  c o l le c te d  i n  th e  t r a w l diowed s ig n s  o f 
re g e n e ra tin g  arms s u g g e s tin g  t h a t  p a r t ia l  p re d a t io n  
o ccu rs  i n  n a tu ra l c o n d it io n s .  H o rr id g e  and B o u lto n
( 1968) gave no e x p ia  n a t io n  f o r  th e  escape response i n  
chae togna ths  a t  th e  h ig h e r  fre q u e n c ie s . Recent w o rk  on 
copepod p la n k te r s  by S z la ue r, (1965) B renner e t a l , (1978) 
Haury e t  a l  (1980) has in d ic a te d  th a t  s e v e ra l sp e c ie s  
re co g n ise  p re d a to rs  and p rey  by th e  p a t te rn  o f  th e  
hydrodynam ic d is tu rb a n c e  produced. In  an a n im a l such as 
0 .o p h iu ra  w h ich  i s  a b le  to  d is c r im in a te  q u i te  f i n e l y  
between d i f f e r e n t  ty p e s  o f  w a te r movenent i t  i s  l i k e l y  
t h a t  s im i la r  c a p a b i l i t ie s  may e x is t .  I t  w ou ld  be 
in t e r e s t in g  to  re c o rd  fro m  th e  R.N.C. th e  responses i f  
any to  th e  presence o f copepods and o th e r  p la n k to n ic  
sp e c ie s  i n  th e  w a te r c lo se  to  th e  b r i t t l e s t a r s .
The b e h a v io u r o f  th e  d i f f e r e n t  c la s s e s  o f  
echinoderm s i n  response to  w a te r f lo w  and c u r re n ts  has 
re c e iv e d  v a ry in g  amounts o f  a t te n t io n  i n  th e  l i t e r a t u r e .  
Much o f th e  w ork  has d e s c r ib e d  th e  r e la t io n s h ip  between 
f le w  and fe e d in g  m echanians and has been based on a n im a ls  
such as th e  c r in o id s  w h ich  a re  dependant upon 
e n v iro n m e n ta lly  produced w a te r movements to  c a r ry
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suspended food  p a r t ic le s  to  th e  fe e d in g .o rg a n s  (see Meyer 
1982 f o r  re v ie w ) .  The o p h iu ro id s  have a ls o  re c e iv e d  some 
a t te n t io n  ( f o r  re v ie w  see Warner 1 982 ), b u t th e  
h o lo th u r ia n s ,  (M assin  1982) e c h in o id s , (De B id d e r and 
Lawrence 1982) and th e  a s te ro id s  (Jangoux 1982) have 
a t t r a c te d  l i t t l e  in t e r e s t ,  m a in ly  because o f t h e i r  
re l ia n c e  on mechanians o th e r  tha n  suspens ion  fe e d in g . 
The p o s i t io n  D .o p h iu ra  m a in ta in s  in  c u r re n ts  o f  low  flo w  
r a te ,  w ith  th e  arms f le x e d  upwards in t o  th e  w a te r column, 
i s  s i m i l ^  to  th e  fe e d in g  p o s tu re  o f th e  mucous sp ine  
fe e d in g  s p e c ie s  A m ph ipho lis  squamata and
Op h io p te r is  antioodum  (P e n tre a th  1970) and th e  mucous ne t 
fe e d in g  sp ec ies  Qphiocomina n ig ra  (F o n ta in e  1965). 
O p h iu ro id  sp ec ies  th a t  f i l t e r  feed  w ith  th e  a id  o f  t h e i r  
tube  fe e t  a ls o  o r ie n ta te  t h e i r  arms upwards in t o  th e  
c u r re n t  (Masse 1963, Buchanan 1964, F r ic k e  1970, 
P e n tre a th  1970, Warner and W o o d l^  1975, O lsch e r and 
Fedra  1977). W hether 0 . o p h iu ra  i s  fe e d in g  i n  t h i s  way, 
o r i s  e x te n d in g  th e  p a r ts  where the  chem orecepto rs  a re  
lo c a te d  in t o  th e  c u r re n t to  a c t i n  th e  r o le  o f  d is ta n t  
chem oreception  i s  n o t known. The p o s i t iv e  rh e o ta c t ic  
b e h a v io u r o f th e  a n im a ls  to  in c re a s e s  i n  r a te  o f w a te r 
f lo w  suggests th e  l a t t e r .  A lthough f i l t e r e d  seaw ater was 
used, th e  presence o f f re e  amino a c id s  i n  th e  w a te r and 
th e  in c re a se  in  th e  ra te  a t  w h ich  they  reach th e  re c e p to r  
s i t e s  w ith  f lo w  may be s u f f ic ie n t  to  re le a s e  se a rch in g  
b e h a v io u r by th e  a n im a ls  in  th e  d i r e c t io n  o f  th e  source 
o f  s t im u lu s . C a s t i l la  (1 9 7 1 ), C a s t i l la  and C r is p  (1970) 
and C a s t i l la  and C r is p  (1973) have shown p o s i t iv e  
r h e o ta c t ic  b e h a v io u r i n  A s te r ia s  rubens b u t th e  a u th o rs
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came to  no d e f in i t e  c o n c lu s io n s  as to  th e  reason  f o r  t h i s
b e h a v io u r. 0 .o p h iu ra  was a b le  to  d e te c t an in c re a s e  in
th e  f lo w  ra te  o f  0 .7cm . sec” ^ . C a s t i l la  and C r is p  (1973)
“ Ishowed th a t  A .rub e ns  d e te c te d  as l i t t l e  as a 0 .15cm .sec. 
in c re a s e  i n  w a te r  movement. A lth o u ^
n e u ro p h y s io lo g ic a lly  th e  b r i t t l e s t a r s  d e te c te d  t h i s  le v e l 
o f  0.7cm .secT^ c o n s is te n t ly ,  ve ry  few a n im a ls  îÆiowed any 
b e h a v io u ra l change to  t h i s  s t im u lu s . Above t h i s  le v e l 
an im a ls  showed a p o s i t iv e  r h e o ta c t ic  response to  in c re a se  
i n  th e  w a te r f lo w .  In c re a s e s  in  th e  ra te  o f  w a te r f lo w  
have a ls o  been ^ o w n  to  re le a s e  d i f f e r e n t  b e h a v io u ra l 
responses in  a number o f  f i l t e r  fe e d in g  o p h iu ro id s .  
Feeding b e h a v io u r i s  e l i c i t e d  i n  O p h io n e re is  f a s c ia la  by 
c u r re n t  speeds o f  5 -1 0cm. secT^ b u t th e  arms a re  w ithd raw n  
a t  10-15cm.secT^ (P e n tre a th  1970 ). S im ila r ly  
O p h io th r lx  f r a g i  l i s  fe e d s  i n  c u rre n ts  up to  25cm .secT^ 
b u t above t h i s  speed in d iv id u a ls  p ro g re s s iv e ly  "c rouch  
down and l i n k  arm s" t o  a v o id  be ing  swept away, (W arner and 
Woodley 1975).
N e u ro p h y s io lo g ic a l e xpe rim en ts  a p p a re n t ly  in d ic a te  
th a t  d e te c t io n  o f  movement w i t h in  th e  a q u a tic  env ironm ent 
i s  f a c i l i t a t e d  th ro u g h  th e  movement o f th e  sp in e s  o f  th e  
arm as a w ho le  and n o t by th e  d e f le c t io n  o f  any c u t ic u la r  
processes such as c i l i a .  T h is  suggests the  presence o f 
an in te r o r e c e p to r  w h ich  has no t been d e s c r ib e d  in  th e  
Echinoderm ata b e fo re . Anatcxnical ev idence  f o r  th e  
e x is te n c e  o f such a re c e p to r  i s  la c k in g  because o f th e  
d i f f i c u l t y  i n  lo c a t in g  w ha t may be o n ly  a s in g le  nerve 
p rocess lo c a te d  i n  th e  base o f th e  sp in e . C a 's t i l la  and
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C ris p  (1973) im p ly  th a t  s p e c i f ic  w a te r c u rre n t re c e p to rs  
may be p re se n t in  A s te r ia s  rubens but as y e t  these  sense 
organs have n o t been re p o r te d .
CHAPTER It
.AMAIOmCAL OF PRESOMPTIVE SENSOR! STRUCTURES
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JOmiQfll.CTION
Complex re c e p to r  s t ru c tu re s  a re  sca rce  w i t h in  th e  
echinoderm s. A p a rt frcxn th e  o p t ic  cu sh io n , a pigm ented 
sense organ on th e  o ra l su rfa ce  o f  some a s te ro id s ,  (see 
Penn and A lexander 1980 ), i t  i s  c o n s id e re d  th a t  sensory 
re c e p t io n  o ccu rs  o v e r much o f  th e  body su rfa ce  o f 
echinoderm s. M i l l o t t  (1975) f o r  exam ple , proposes a 
g e n e ra l derm al l i g h t  sense in  e c h in o id s . S tru c tu re s  w ith  
m o d if ie d  c i l i a  p re se n t have been d e s c r ib e d  i n  a l l  c la sse s  
o f  echinoderm s and re c e n t ly  W h i t f ie ld  and Em son (1983) 
d e s c r ib e d  a s t r u c tu r e  on th e  sp in e s  o f
A m ch ip ho lis  squamata v e ry  s im i la r  to  a "s ta b c h e n " , f i r s t  
d e sc r ib e d  by R e ichensperge r (1908) and proposed i t  had a 
chem oreceptive  fu n c t io n .  There a re  o th e r  s tu d ie s  on 
re c e p to rs  i n  th e  p e d ic e l la r ia e  o f e c h in o id s  concerned 
w ith  th e  sensory h i l l o c k  (Cobb 1968, Campbell 1973 and 
O ld f ie ld  1975).
T h is  ch a p te r d e s c r ib e s  fo u r  ty p e s  o f  p resum ptive  
re c e p to rs  lo c a te d  on th e  sp ines , tu b e fe e t  and g ene ra l 
body s u rfa ce  o f  0 . o p h iu ra . These s t r u c tu r e s  a re  re la te d  
t o  th e  p e rc e p tiv e  a b i l i t i e s  o f  th e  b r i t t l e s t a r  d e sc ribe d  
i n  p re v io u s  c h a p te rs . The d is c u s s io n  compares th e  
s t ru c tu re s  o f  these  re c e p to rs  w ith  th o se  d e sc rib e d  
p re v io u s ly  in  th e  phylum and c o r re la te s  th e se  f in d in g s  
w ith  what i s  known n e u ro p h y s io l o g ic a l ly  and 
beh av i  our a l l y .
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Electron Micro s copy.
T issue  was f ix e d  by im m ersion i n  a 5% s o lu t io n  o f  
g lu ta ra ld e h y d e  i n  0.1M. S orensen*s phosphate b u f fe r  
(pH 7 .4 ) .  Ten seconds la t e r  an equa l volum e o f  a 2 %  
s o lu t io n  o f  osmium te t r o x id e  i n  0.1M. phosphate b u f fe r  
was added and m ixed. The t is s u e  was l e f t  f o r  15 m inu tes  
and th e n  washed i n  d i s t i l l e d  w a te r .  T issu e  c o n ta in in g  
c a lc i t e  was th e n  d e c a lc i f ie d  f o r  24 hou rs  i n  a  m ix tu re  o f 
2 %  s o lu t io n  o f  a s c o rb ic  a c id  and 0.3M. N aC l, (see  
D ie t r ic h  and F o n ta in e  1975 ). A l l  t is s u e  was th e n  r a p id ly  
d ehyd ra ted  i n  acetone and embedded in  A r a ld i t e .  S e c tio n s  
were s ta in e d  w ith  le a d  c i t r a t e  and u ra n y l a c e ta te  and 
exam ined u s in g  a P h i l l i p s  301 tra n s m is s io n  e le c t r o n  
m ic rosco p e .
■Scanning Electron ■Microscopy..
The t is s u e  was f ix e d  by im m ers ion  i n  a 555 s o lu t io n  
o f  g lu ta ra ld e h y d e  i n  f re s h  seaw ater and te n  seconds la t e r  
an equa l volume o f  a 2 %  s o lu t io n  o f  osmium te t r o x id e  i n  
f re s h  seawater was added and m ixed f o r  20 m in u tes . 
T issue  was th e n  washed i n  f re s h  seaw ater (4 ^ C .) f o r  
1 h o u r. The t is s u e  was th e n  dehyd ra ted  u s in g  ace tone , 
c r i t i c a l l y  p o in t  d r ie d  and s p u t te r  coa ted  w ith  g o ld . The
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t is s u e  was v iew ed u s in g  a J e o l JSM -  3 5 CF Scanning 
E le c tro n  M icroscope.
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RESULTS.
XübefjD.o.t QZ .Ophiuroids.
Scanning e le c tr o n  m icroscopy re v e a le d  th e  su rfa c e  o f 
th e  tu b e fe e t o f  O ph iu ra  o p h iu ra  to  be covered  w ith  
m i c r o v i l l i  caps and o th e r  la r g e r  more complex s t ru c tu re s  
( F ig . 1 ) .  E xam ina tion  i n  d e ta i l  ( F ig . 2 ) re v e a le d  th re e  
p a r t i c u la r  s t r u c tu re s .  F i r s t l y  th e re  w ere po res  between 
1pm and 2pm in  d ia m e te r th a t  a lm ost a lw ays co n ta in e d  an 
a c c u m u la tio n  o f  m a te r ia l .  There were a ls o  ra is e d  a re as  
abou t 1pm h ig h  o f  a p p ro x im a te ly  th e  same s iz e  th a t  
c o n ta in e d  a sm a ll pore  o r o c c a s io n a lly  a s h o r t  p r o je c t io n  
w h ich  was o f  a s iz e  c o m p a tib le  w ith  i t  b e in g  a c i l iu m .  
F in a l ly  th e re  were sm a ll n o n ^ p ro je c tin g  s t r u c tu r e s  o f  
le s s  th a n  0.4pm d ia m e te r w h ich  were o n ly  o bv iou s  upon 
c lo s e  e x a m in a tio n . The la r g e r  pores  were u s u a lly  in  
p a ir s  and covered  much o f  th e  tu b e fo o t s u r fa c e , th e  an a l l  
non p r o je c t in g  s t ru c tu re s  were a lw ays a s s o c ia te d  w ith  
these  pores and u s u a lly  la y  a d ja ce n t to  them. The la r g e r  
p r o je c t io n s  were p re s e n t over th e  w ho le  tu b e fo o t  su rfa ce  
b u t had a more i r r e g u la r  and much s p a rc e r d is t r ib u t io n .
T ra n sm iss io n  e le c t r o n  m icroscopy re v e a le d  th e  pores 
to  be th e  open ings a t  th e  su rfa ce  o f  s e c re to ry  c e l l s  and 
th e  2 o th e r  s t ru c tu re s  to  be p u ta t iv e  sensory  re c e p to rs . 
F ig s .3 and 4 .
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■S.eQr.e.t.ory Sells.
The tu b e fe e t co n ta in e d  la rg e  numbers o f  s e c re to ry  
c e l l s  w h ich  were f la s k  shaped w ith  a narrow  neck 
p r o je c t in g  a t  th e  s u rfa c e . A number o f m ic ro tu b u le s  
passed lo n g i t u d in a l l y  and were p re s e n t round th e  
c ircu m fe re n ce  o f  th e  narrow neck. These a re  i l l u s t r a t e d  
i n  F ig s .5 and 6 . The c e l ls  had a lo o s e  pack ing  a t  th e  
s u rfa c e  b u t a t  a depth  o f 3 to  4 m ic ro n s  below th e  
s u rfa c e  th e y  were bound to g e th e r  by in te rm e d ia te  and 
s e p ta te  ju n c t io n s .
'Stabohen* Moeptars Sn Jabaleet.
The most obv iou s  p u ta t iv e  re c e p to r  c e l l  had a 
s im i la r  s t r u c tu re  t o  th e  's ta b c h e n * d e sc r ib e d  by 
W h it f ie ld  and Em son (1983) on th e  s p in e s  o f  th e  
b r i t t l e s t a r  A m p h ifh o lis  squamata. T h is  i s  i l l u s t r a t e d  in  
lo n g i t u d in a l  s e c tio n s  i n  F ig .4 . A narrow  c e l l  p ro je c te d  
tow ards  th e  su rfa c e  and te rm in a te d  i n  a c i l iu m  surrounded 
by a r in g  o f  s p e c ia liz e d  m ic r o v i l l i .  Two s e ts  o f  
m i c r o v i l l i  were p re s e n t s im i la r  to  th o se  descibed by 
W h it f ie ld  and Emson (1983) and these  a re  i l l u s t r a t e d  i n  
tra n s v e rs e  s e c t io n  on th e  sp ines i n  F ig . 16. The c i l iu m  
was c h a ra c te r iz e d  by a ro o t  up to  4 o r  5pm lo n g  and th e re  
was in v a r ia b ly  a secondary basa l body o r  c e n t r io le  a t  
r i g h t  a n g le s  to  t h i s .  S a t e l l i t e  m a te r ia l frcan th e  basa l 
body o f  th e  c i l i a  appeared to  be a tta c h e d  t o  th e  base o f
-  76 -
th e  m ic r o v i l l i  th a t  su rrounded th e  c i l i a .  The c i l i a  in  
lo n g i t u d in a l  s e c tio n s  do no t p ro je c t  beyond th e  r in g  o f  
s p e c ia lis e d  m ic r o v i l l i  a t  th e  su rfa ce  and th e  c y to p la s m ic  
d e t a i l  was o f te n  amorphous and d i f f i c u l t  to  c a te g o r iz e . 
The r in g  o f  m i c r o v i l l i  p ro je c te d  abou t 1pm from  th e  
tu b e fo o t  su rface  c u t ic le  to  fo rm  a c o l la r .
Am fr.oje.Btiii6 Receptors.
These re c e p to rs  w ere no t r e a d i ly  appa ren t us in g  th e  
scann ing  e le c tro n  m ic roscope  nor was t h e i r  d e s c r ip t io n  
easy from  lo n g i tu d in a l  tra n s m is s io n  s e c tio n s .  F ig .  3 
shows in  lo n g i tu d in a l  s e c t io n  what may have been one o f  
these  s t ru c tu re s  b u t i t  i s  q u i te  p o s s ib le  th a t  t h i s  was a 
g la n c in g  s e c t io n  t h r o u ^  th e  '  stabchen* typ e  o f  
re c e p to r .  S e c tio n s  t h a t  were s e r ia l  and h o r iz o n ta l to  
th e  tu b e fo o t su rfa ce  however re v e a le d  th e  fundam enta l 
d if fe re n c e s  from  th e  ' stabchen* re c e p to r  and showed a 
second typ e  o f  re c e p to r  th a t  was n o t surrounded by a 
c o l la r  o f  s p e c ia liz e d  m ic r o v i l l i  and d id  n o t p ro je c t  
above the  c u t ic u la r  s u r fa c e .
F ig s .8 , 10, 11, 12 and 13 a re  h o r iz o n ta l  s e c tio n s  
a c ro s s  th e  su rface  o f  tu b e fe e t  and s p in e s . The f i x a t i o n  
o f  tu b e fe e t th a t  were n o t d e c a lc i f ie d  was much s u p e r io r  
i n  th e  w e a lth  o f c e l lu la r  d e t a i l  F ig .  8 . I t  was 
im m e d ia te ly  c le a r  th a t  th e re  were many more tra n s v e rs e  
s e c tio n s  o f  c i l i a r y  s t r u c tu re s  p re s e n t th a n  co u ld  be 
accoun ted  f o r  by th e  sparse d is t r ib u t io n  o f  's ta b c h e n * on
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th e  tu b e fe e t.  I t  was obv iou s  th a t  th e re  were g e n e ra lly  a 
p a i r  o f  c i l i a  f o r  each p a i r  o f  mucous g la n d  open ings. 
The s t ru c tu re  o f each c i l i a  was however h ig h ly  v a r ia b le ,  
some, F ig .7 1 were 9+2 b u t most were n o t. S e r ia l  s e c tio n  
showed th a t  th e  9+2 c o n f ig u ra t io n  o ccu rre d  im m e d ia te ly  
above th e  basa l body b u t was u s u a lly  r a p id ly  lo s t  to  a 
9+0 c o n f ig u ra t io n  ( F ig . 8 ) .  Many o f th e  c i l i a  were not 
surrounded by th e  s p e c ia liz e d  m i c r o v i l l i  o f  th e  
's ta b ch e n * type  ( f o r  d e s c r ip t io n  see W h i t f ie ld  and Em son 
1983) and when fo l lo w e d  to  th e  su rface  ended le v e l  w ith  
th e  c u t ic le .  The m ic ro tu b u la r  a rra y  a t  t h i s  le v e l  was 
a lw ays i r r e g u la r  ( F ig . 1 0 ) . A re -e x a m in a tio n  o f  m a te r ia l 
i n  lo n g i tu d in a l  s e c t io n  ( F ig .9) in d ic a te d  th a t  these 
presumed re c e p to rs  d id  n o t p ro tru d e  th rough  th e  c u t ic le .  
Such s t ru c tu re s  a re  no t a r te fa c ts  o f  p lane o f c u t when 
examined u s in g  s e r ia l  s e c t io n s . A c lo se  e xa m in a tio n  o f  
m a te r ia l p repared  f o r  scann ing  m icroscopy re v e a le d  many 
o f  them a s s o c ia te d  w ith  th e  p a ir s  o f  sensory pores 
( F ig .2 ) .  They were n u m e r ic a lly  much more common th a n  
'  stabchen* type  re c e p to rs  outnum bering them by a f a c to r  
o f  about 1 0 :1 . A l l  ty p e s  o f  re c e p to r  had a secondary 
basa l body a s s o c ia te d  w ith  th e  c i l iu m .  T h is  co n ta in e d  
th e  t y p ic a l  t r i p l e t  arrangem ent o f m ic ro tu b u le s . The non 
p ro je c t in g  re c e p to rs  a ls o  showed i r r e g u la r  m ic ro tu b u la r  
a rra y s  w i t h in  th e  c i l iu m .  Near th e  basa l body t h i s  was 
n o rm a lly  9+2 th e n  9+0 ( F ig s .7 and 8 ) .  Above t h i s  re g io n  
however, a d d it io n a l amorphous m a te r ia l was sometimes 
p resen t ( F ig . 12) and th e  m ic ro tu b u la r  p a t te rn  became 
i r r e g u la r  (F ig .1 1 )  o r  amorphous ( F ig .1 3 ) . A t th e  s u rfa ce  
th e  c i l i a  in v a r ia b ly  showed i r r e g u la r  m ic ro tu b u la r
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s t r u c tu re .
'jStabQhen^  Reaeptors Du gpin&s.
V a rio u s  sp in e s  were examined w ith  th e  scann ing 
e le c tr o n  m icroscope  and a f a i r l y  sparse d is t r ib u t io n  o f  
'  stabchen* l i k e  re c e p to rs  fou n d . These re c e p to rs
sometimes had a c i l iu m  p r o je c t in g  3 o r 4pm
( F ig s .14 and 15)) b u t i n  most cases th e  c i l iu m  e i th e r  d id
n o t p ro je c t  from  th e  r in g  o f  s p e c ia liz e d  m ic r o v i l l i  o r
o n ly  f o r  a f r a c t io n  o f  a m ic ro n . The '  s tabchen* w ith  th e  
la r g e r  c i l i a  were most numerous on th e  la rg e  la t e r a l  
sp in e s  and p re s e n t on o n ly  th e  la s t  30 d i s t a l  segments o f  
th e  arm. In  th e  sp ec ies  under in v e s t ig a t io n ,  
O ph iu ra  o p h iu ra , o n ly  a s in g le  c i l iu m  was a s s o c ia te d  w ith  
each r in g  o f  m i c r o v i l l i  to  form  a s tabchen  b u t in  
A. sQuamata, W h it f ie ld  and Em son (1983) d e s c r ib e d  m u lt ip le  
c i l i a  i n  some re c e p to rs .  T ra n sm iss io n  m icroscopy in  
h o r iz o n ta l s e c t io n  a t  th e  su rfa ce  showed th e  c i l iu m  to  be 
e i t h e r  absen t o r have an i r r e g u la r  a r ra y  o f  m ic ro tu b u le s  
( F ig . l6 ) .
In  th e se  's ta b c h e n *  typ e  re c e p to rs  s a t e l l i t e  
m a te r ia l from  th e  m ain  b a sa l boc^ ra d ia te d  o u t to  th e  
base o f th e  m o d if ie d  m ic r o v i l l i .  These m ic r o v i l l i  th e n  
form ed a c a n a l. Ih e  's ta b c h e n * p ro je c te d  from  th e  
s u rfa c e  w ith  a doub le  a r ra y  o f  m i c r o v i l l i ;  th e  in n e r  ones 
o f  w hich were d e r iv e d  fro m  th e  re c e p to r  c e l l  and were 
surrounded by a la y e r  o f  c u t ic le  w h ich  was f la n k e d  by
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norm a l, u s u a lly  de tached, m ic r o v i l lo u s  caps. ï ï i i s  has 
been d e sc rib e d  i n  d e t a i l  by W h it f ie ld  and Emson 1983. 
The m ic r o v i l lo u s  cana l may, o r may n o t c o n ta in  a c i l iu m .  
T h is  c i l iu m  was u s u a lly  amorphous in  s tu c tu re  and never 
co n ta in e d  a re g u la r  9+2 c o n f ig u ra t io n  near th e  su rfa c e .
A Ciliated  Structure B.eneatk Ih e  £utjjeLe. QL Ih e  Acm.
A p re v io u s  s tudy (S tubbs  & Cobb 1981) f a i le d  to  
d e s c r ib e  any p o s s ib le  s t ru c tu re s  a s s o c ia te d  w ith  the  
p h y s io lo g ic a l ly  documented dermal l i g h t  sense (see Moore 
and Cobb 1985 a ). A f u r t h e r  e xam ina tio n  was c a r r ie d  o u t i n  
th e  p re se n t study on th e  a b o ra l su rfa ce  o f  th e  arm t ip s .  
T h is  re g io n  i s  known to  be th e  most s e n s i t iv e  to  p h o t ic  
s t im u la t io n  (S tubbs 1982a). The s tudy re ve a le d  a 
c i l i a t e d  s tu c tu re  beneath th e  c u t ic le  th a t  d i f fe r e d  in  
s tu c tu re  from  those  d e s c r ib e d  on th e  s p in e s  and 
tu b e fe e t .  T h is  c i l i a t e d  s tu c tu re  w h ich  may fu n c t io n  as a 
p o s s ib le  re c e p to r ,  was c h a ra c te r iz e d  by a m o d if ie d  c i l iu m  
( F ig s .17 and 1 8 ). T h is  c i l iu m  p ro je c te d  fro m  th e  c e l l  
s u rfa ce  f o r  le s s  th a n  0,5pm and th e  m ^b ra n e  appeared to  
be a tta c h e d  to  f ib r o u s  m a te r ia l found  b e lw  th e  c u t ic le .  
T h is  f ib r o u s  m a te r ia l has been d esc rib e d  i n  d e ta i l  in  
t h i s  o p h iu ro id  by H o lla n d  and N ealson (1978) and i s  
composed o f  f ib r e s  w h ich  ru n  p a r a l le l  to  one a n o th e r in  
d is c re te  bund les  w h ich  make up th e  th ic k  b u t 
d is c o n tin u o u s  la y e r  o f  th e  c u t ic le .  The v a s t m a jo r i ty  o f 
th e  m ic r o v i l lo u s  caps p re se n t were detached from  the  
c e l ls  and th e  c e l l  s u r fa c e  la y  between 2-5pms below th e
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c u t ic le .  The p re sen t s tudy has shewn t h a t  i n  th e  
s m a lle s t segments o f  th e  arm the  p u ta t iv e  re c e p to r  c e l ls  
were o n ly  a m ic ro n  below th e  c u t ic le  bu t n e a re r th e  d is c  
th e re  w ere s e v e ra l m ic ron s  s e p a ra tin g  them.
These p u ta t iv e  re c e p to rs  la c k e d  a s ig n i f ic a n t  
c i l i a r y  ro o t  and were a s s o c ia te d  w ith  la m e lla e  o f 
membrane i n  th e  re g io n  o f  th e  c i l iu m .  The a s s o c ia t io n  
between these  m o d if ie d  c i l l i a  and th e  la m e lla e  was 
c o n s is te n t .  They were much more d i f f i c u l t  t o  lo c a te  i n  
la r g e r  more c e n t ra l segments o f  th e  arm. There i s  no 
p h y s io lo g ic a l ev idence  f o r  th e  fu n c t io n  o f  these  p u ta t iv e  
re c e p to rs  b u t a p o s s ib le  fu n c t io n  based on t h e i r  
s t r u c tu r e  i s  d iscu ssed  on page 8 5 , I t  i s  argued t h a t  
the y  may fu n c t io n  as p o s s ib le  p h o to re c e p to rs .
S m all bund les  o f  axons ( F ig . 19) o c c u rre d  beneath a l l  
re g io n s  o f  e p i t h e l ia  examined from  tu b e fe e t ,  sp in e s  and 
th e  g e n e ra l body s u r fa c e . They were c h a ra c te r iz e d  by a 
re g u la r  a r ra y  o f  m ic ro f i la m e n ts ,  sm a ll m ito c h o n d r ia  and 
th e  re g u la r  p ack ing  o f  th e  axons in t o  a b und le  sepa ra ted  
by an u n s p e c ia liz e d  b u t f a i r l y  u n ifo rm  c l e f t .  No a tte m p t 
was how ever, made to  show th a t  any o f  these  axons were 
d e r iv e d  d i r e c t l y  from  th e  re c e p to r  c e l ls .
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Bobinoid C ilia.
The i r r e g u la r  s t ru c tu re  o f th e  c i l i a  a t  th e  su rface  
w h ich  d id  n o t show a normal 9+2 c o n f ig u r a t io n  cou ld
p o s s ib ly  have been a f i x a t i o n  o r d é c a lc i f ic a t io n
a r t e fa c t .  A number o f  c i l i a  take n  from  th e  m o d if ie d
bucca l pod ia  o f E chinus e s c u le n tu s , p repa red  u s in g  th e  
same f i x a t i o n  methods, showed u n e q u iv o c a lly  th e  presence 
o f  a 9+2 s t ru c tu re  ( F ig .2 0 ) .  I t  i s  u n l ik e ly  th a t  th e  
i r r e g u la r  s t ru c tu re s  o f  th e  c i l i a  encounte red  i n  th e
o p h iu ro id s  were th e re fo re  a r te fa c ts  o f  any k in d .
FIG. 1.
Scanning m ic rog ra p h  o f  p a r t  o f  tu b e fo o t from  
-Qphiura o p h iu ra . Numerous s e c re to ry  pores  a re  
apparen t and s m a ll ra is e d  s t ru c tu re s  (a rro w s ) 
resem ble stabchen d e sc r ib e d  by W h it f ie ld  and Emson 
(1 9 8 3 ).
S ca le  = 10pm.
FIG. 2 .
H igh m a g n if ic a t io n  o f  s im i la r  area to  F ig .  1 . 
Numerous s e c re to ry  pores a re  p re se n t and 
o c c a s io n a l ra is e d  s tabchen ( s in g le  a rro w s ). O the r 
sm a ll s t r u c tu re s  (d o u b le  a rrow s) a re  n o rm a lly  
a s s o c ia te d  w ith  p a ir s  o f  s e c re to ry  pores and 
tra n s m is s io n  e le c tr o n  m icroscopy has diown these  
to  be m o d if ie d  c i l i a .
S ca le  s 1pm.
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FIG. 3.
T ransverse  s e c t io n  o f  a tu b e fo o t d io w in g  
s e c re to ry  c e l ls  r e le a s in g  packages o f  m a te r ia l 
th rough  su rfa c e  p o res . A ra is e d  s tabchen  type  
c i l i a t e d  s t r u c tu r e  i s  shown ( s in g le  a rro w ). 
A no ther c i l i a r y  s t r u c tu r e  (d o ub le  a rro w ) i s  
p re s e n t w h ich  does n o t p ro tru d e  above th e  c u t ic le  
( c )  i n  t h i s  s e c tio n .
S ca le  = 1pm.
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FIG . 4 .
L o n g itu d in a l s e c t io n  th rou g h  s ta b c h e n - l ik e  
c i l i a r y  s t ru c tu re s ,  (m t)  T h is  presumed re c e p to r  
s t r u c tu re  i s  s im i la r  to  t h a t  d e sc rib e d  by 
W h it f ie ld  and Emson (1983) on b r i t t l e s t a r  sp in e s . 
These c e l ls  a re  c lo s e ly  a s s o c ia te d  w ith  s e c re to ry  
c e l ls  ( s ) ,  and a re  jo in e d  t o  a d ja ce n t c e l ls  by 
s e p ta te  ju n c t io n s  (a r ro w s ) .  C i s  th e  c u t ic le .
S ca le  s 1pm
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FIG. 5 .
L o n g itu d in a l s e c t io n  th rou g h  neck o f  a 
s e c re to ry  c e l l  ( S ) .  These c e l ls  a re  c h a ra c te r iz e d  
by a p a l l is a d e  o f  m ic ro tu b u le s  w h ich  ru n  
lo n g i t u d in a l ly  ju s t  beneath th e  c e l l  membrane 
(m ) . Each c e l l  i s  jo in e d  to  those  a d ja c e n t by an 
in te rm e d ia te  ju n c t io n  ( i )  a t  th e  su rfa ce  and a 
deeper band o f  s e p ta te  ju n c t io n  ( S j ) .
S ca le  = 0.5pm
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FIG. 6 .
T ransve rse  s e c t io n  th rough  two s e c re to ry  
c e l l s  ( s )  show ing c h a r a c te r is t ic  p e r ip h e ra l 
m ic ro tu b u le s .  There a re  presumed re c e p to r  c e l ls ,  
u s u a lly  tw o, a s s o c ia te d  w ith  each p a i r  o f  
s e c re to ry  c e l ls .  These re c e p to r  c e l ls  a ls o  
c o n ta in  m ic ro tu b u le s  and a c i l iu m .  T h is  s e c t io n  
shows p a r t  o f  one re c e p to r  c e l l  a t  th e  le v e l  o f  
th e  c i l i a r y  ro o t  (a r ro w ) .
S ca le  = 0.2pm.
FIG . 7 .
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S im ila r  s e c t io n  to  F ig .  7 c u t n e a re r the  
s u r fa c e . A c le a r  9+2 c i l iu m  s t ru c tu re  surrounded 
by m i c r o v i l l i  (rav) i s  seen and a n o th e r c i l i u n  
(a rro w ) i s  c u t i n  g la n c in g  s e c t io n  i n  a second 
re c e p to r  c e l l .  Two s e c re to ry  c e l l ( s )  and two 
re c e p to r  c e l ls  a rranged  i n  t h i s  fa s h io n  i s  th e  
t y p ic a l  a rrangem ent.
S ca le  = 0.2pm .

FIS. 8.
C iliu m  between two s e c re to ry  c e l l s  (s )  
show ing 9+0 s t r u c tu r e  from  a b r i t t l e s t a r  
tu b e fo o t .  A lm ost no c i l i a  show a 9+2 s t r u c tu re  
above th e  re c e p to r  c e l l  s u r fa c e .
S ca le  z 0.2pm.
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FIG . 9 .
L o n g itu d in a l s e c t io n  th rough  non p ro je c t in g  
ty p e  re c e p to rs . Note i r r e g u la r  m ic ro tu b u la r  a rra y  
tow ards c u t ic u la r  s u rfa c e  (c )  where th e  s t ru c tu re  
te rm in a te s . T h is  s t r u c tu r e  i s  n o t surrounded by 
m o d if ie d  m i c r o v i l l i  when v iew ed i n  tra n s v e rs e  
s e c tio n .
S ca le  = 0.1pm.
FIG . 10.
T ransverse  s e c t io n  th rough  non p ro je c t in g  
re c e p to rs  a t  tu b e fo o t s u rfa c e  o f  b r i t t l e s t a r .  Two 
s e c re to ry  c e l l  pores  ( s )  a re  shown surrounded by 
m ic r o v i l l i  (m v ). Two c i l i a  w ith  in d is t in c t  and 
i r r e g u la r  a rra y s  o f  m ic ro tu b u le s  a re  p resen t 
between th e  s e c re to ry  c e l l s  (a r ro w s ) .  These a re  
n o t surrounded by a channel form ed fro m  m ic r o v i l l i  
as i n  stabchen type  re c e p to rs .
S ca le  = 0.2pm.
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FIG. 11.
I r r e g u la r  arrangem ent o f  m ic ro tu b u la r  
e lem en ts  near the  s u rfa ce  i n  non p ro je c t in g  typ e  
re c e p to rs  on th e  tu b e fo o t o f  a b r i t t l e s t a r .  T h is  
i s  n o t an  a r te fa c t  o f  f i x a t i o n .
S ca le  s 0.2pm .
FIG . 12.
T ra n sve rse  s e c tio n  th ro u g h  a c i l iu m  o f  a non 
p r o je c t in g  typ e  re c e p to r  shew ing a d d it io n a l 
amorphous m a te r ia l p re s e n t (a rro w ) and a 9+0 
arrangem ent o f  m ic ro tu b u le s .
S ca le  = 0 .2pm.
FIGS. 1 3 .
I r r e g u la r  arrangem ent o f  m ic ro tu b u la r  
e lem en ts  o f  a c i l iu m  near th e  su rfa c e  i n  non 
p r o je c t in g  ty p e  re c e p to rs  on th e  tu b e fo o t o f  a 
b r i t t l e s t a r .
S ca le  = 0 .2pm .
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FIG. 14.
Scanning m ic rog ra p h  showing stabchen ty p e  
re c e p to rs  w ith  ( s in g le  a rrow ) and w ith o u t  (d o u b le  
a rro w ) p ro tru d in g  c i l i a  on one sp ine  o f  a 
b r i t t l e s t a r .  Such re c e p to rs  have a t h in l y  
s c a tte re d  d is t r ib u t io n  and most do no t have a 
c i l iu m  p ro tru d in g .
S ca le  = 10pm.
FIG. 15.
S tabchen type  re c e p to r  w ith  p ro tru d in g  
c i l iu m .
S ca le  = '0 .5pm.
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FIG . 16 .
H o r iz o n ta l s e c t io n  th rough  a group o f 
s tabchen  i n  d e c a lc i f ie d  m a te r ia l frcmi a s p in e .
The channel in  th e  c e n tre  o f  th e  o rg a n e lle  i s  
form ed by m ic r o v i l l i  (see  W h i t f ie ld  and Emson 
1983 ). The channel form ed by th e  m i c r o v i l l i  i s  
c le a r ly  seen. One i s  empty ( s o l id  a r ro w ) ,  a n o th e r 
c o n ta in s  a 9+0 s t r u c tu r e  (open a r ro w ) , and a t h i r d  
an i r r e g u la r  a r ra y  o f  m i c r ç v i l l i  (d o u b le  c lo s e d  
a r ro w ) .
S ca le  = 0.5pm.
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FIG. IT.
S e c tio n  th ro u g h  d e c a lc i f ie d  a b o ra l s u rfa ce  o f 
a t i p  segment o f  th e  arm. A m o d if ie d  c i l iu m  i s  
seen belcw  the  t y p ic a l  o p h iu ro id  c u t ic le  ( c ) .  The 
c i l iu m  o n ly  ju s t  p ro tru d e s  above th e  c e l l  su rfa ce  
w ith o u t  m i c r o v i l l i .  The c i l iu m  membrane appears 
to  be c lo s e ly  a s s o c ia te d  w ith  bund les o f  
e x t r a c e l lu la r  f i la m e n to u s  m a te r ia l (a r ro w ) . T h is  
m a te r ia l has been d e sc rib e d  i n  t h i s  sp ec ies  ty  
H o lla n d  and N eal son (1 9 7 8 ). The c i la r y  s t ru c tu re s  
a re  common and a re  c h a ra c te r iz e d  by a s h o r t c i la r y  
ro o t  and th e  a p p o s it io n  w i t h in  th e  c e l l  cytop lasm  
to  membrane la m e lla e  ( Im ) .
S ca le  = 0.5pm.
FIG . 18.
S im ila r  s e c t io n  to  F ig .  17 shewing th e  same 
c h a r a c te r is t ic  fe a tu re s  and th e  a sso c ia te d  
membrane la m e lla e  ( Im ) . These s t ru c tu re s  do n o t 
p ro tru d e  above th e  su rfa c e  o f  th e  c u t ic le  (c )  and 
may i n  f a c t  be s e v e ra l m ic rons  beneath i t .  Arrow 
in d ic a te s  th e  a s s o c ia t io n  o f  th e  c i l iu m  membrane 
and th e  e x t r a c e l lu la r  f ib r o u s  m a te r ia l.
S ca le  s 0 .5pm.
In s e t :  A h ig h e r  m a g n if ic a t io n  shewing th e  d o s e  
a s s o c ia t io n  between th e  c i l iu m  membrane and th e  
f ib r o u s  m a te r ia l .
S ca le  = 0.1pm.

FIG. 19 .
There a re  numerous bun d le s  o f  sm a ll axons 
(a x ) c h a ra c te r iz e d  by s m a ll m ito c h o n d r ia  and 
m ic ro tu b u le s  beneath th e  e p ith e liu m . Processes 
from  some e p i t h e l ia l  c e l l s  c o n ta in  f ila m e n to u s  
m a te r ia l ( fm ) .  These bund les  o f  axons may be 
senso ry , m o tor o r in te rn e u ro n a l.
S ca le  = 1pm.
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FIG . 2 0 .
Normal 9+2 s t ru c tu re  o f  c i l i a  o f E ch inus cu t 
i n  tra n s v e rs e  s e c tio n  T u be fe e t from  E ch inus and 
O ph iu ra  were f ix e d  s im u lta n e o u s ly  and th e  
i r r e g u la r  s t ru c tu re s  o f  th e  m ic ro tu b u la r  a r ra y s  i n  
th e  c i l i a  o f th e  l a t t e r  a re  u n l ik e ly  t o  be 
f i x a t i o n  a r te fa c ts .
S ca le  = 0.2pm.

i
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■DISCUSSI ON.
In  th e  echinoderm s v e ry  l i t t l e  i s  known w ith  aqy 
c e r ta in ty  about re c e p to r  fu n c t io n .  In  g e n e ra l sensory 
nerves a re  too  an a l l  t o  re c o rd  from  and s p e c ia liz e d  
re c e p to r  o rgans a re  ra re .  The p resen t neu ro p h y B io lo g ic a l 
s tudy  has shown 0 . o p h iu ra  to  have re c e p to rs  lo c a te d  
p e r ip h e r a l ly  w ith  c o n s id e ra b le  s e n s i t i v i t y  to  p h o t ic ,  
chem ica l and m echan ica l s t im u la t io n .  Scanning e le c tro n  
m ic roscopy , and im proved f i x a t i o n  te c h n iq u e s  f o r  
t ra n s m is s io n  e le c t r o n  m ic roscopy , have r e c e n t ly  p ro v id e d  
much new ev idence on th e  d is t r ib u t io n  o f  presumed sensory 
re c e p to rs  ove r th e  g e n e ra l body su rfa ce  o f  t h i s  sp e c ie s .
Many o f  th e  presumed re c e p to rs  re p o r te d  i n  t h i s
s tudy had a c i l iu m  a s s o c ia te d  w ith  them. These were
d i f f e r e n t  frcxn m o t i le  c i l i a  which a re  common w i t h in  th e
echinoderm s and w h ich  c o n ta in  a 9+2 arrangem ent o f
m ic ro tu b u le s  and measure 10 o r more m ic ro n s  i n  le n g th .
«Each m o t i le  c i l iu m  i s  d e s r ib e d  as b e in g  su rrounded  by a 
r in g  o f  m i c r o v i l l i  and th e  s t ru c tu re  i s  v e ry  d is t in c t i v e  
when v iew ed u s in g  th e  scann ing  e le c tr o n  m icroscope  (Wood 
and Carey 1981, F lo re y  and C a h i l l  1 98 2 ). S tubbs and Cobb
(1982) re c e n t ly  d e s c r ib e d  an e p i t h e l ia l  c i l i a r y  fe e d in g  
o rgan  i n  w h ich  th e  c i l i a  showed a s im i la r  s t r u c tu re ,  b u t 
d i f f e r e d  i n  t h a t  s a t e l l i t e  m a te r ia l from  th e  c e n t r io le  
was a s s o c ia te d  w ith  th e  base o f  th e  s u rro u n d in g  
m ic r o v i l l i .  In  la r v a l  echinoderm s i t  i s  suggested  th a t
1
t
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these  m o t i le  c i l i a  are  in n e rv a te d  (S tra thm ann  1972 and j:
Burke 1978) b u t th e re  i s  no evidence f o r  t h i s  i n  a d u lt  
ech inoderm s,
P e d ic e l la r ia e  have been shown to  respond to  bo th  f
- t
chem ica l and m echan ica l s t im u la t io n  (see Campbell 1973).
Cobb ( 1968) and O ld f ie ld  (1975) d e sc rib e d  th e  presence o f 
re c e p to r  c e l ls  w ith  c i l i a  in  s im i la r  p e d ic e l la r ia e .
These c i l i a  had a norm al 9+2 arrangem ent su rrounded by 
m o d if ie d  m ic r o v i l l i ,  w h ich were l in k e d  by s a t e l l i t e  
m a te r ia l to  th e  c e n t r io le s .  The c i l i a  were 10pm o r  more 
i n  le n g th  and n o t g e n e ra lly  m o t i le  a lth o u g h  the y  are  
capab le  o f  movanent (C am pbell, pe rsona l com m un ica tion ).
Only one typ e  o f c e l l  was p re se n t, though th e  d e n s ity  
v a r ie d  and th u s  i t  i s  p o s s ib le  th a t  these re c e p to rs  a re  
s e n s i t iv e  to  both  dhem ica l and m echanical s t im u l i .
W h i t f ie ld  and Emson (1983) have com prehens ive ly  
d e s c r ib e d  a re c e p to r  on th e  s p in e s  o f  
A m p h iph o lls  _sqnamata and shown these a re  th e  '  stabchen* |
f i r s t  d e s c r ib e d  by K eichensperger (1 9 0 8 ). These 
re c e p to rs  possessed a s h o r t  c iliu m . w ith  a 9+2 arrangem ent 
o f  m ic ro tu b u le s . These a re  s im i la r  to  those  d e s c r ib e d  i n  
th e  p re s e n t study and th e  complex s t ru c tu re  d e s c r ib e d  by 
W h i t f ie ld  and Em son (1983) which i s  fo rm ed  by th e  
m i c r o v i l l i  i s  c le a r ly  o f  im portance . The le n g th s  o f  th e  
c i l i a  i n  0 . o p h iu ra  v a r ie d  and i n  some cases d id  n o t 
p ro tru d e  f u r t h e r  th a n  th e  fused  tube  o f  m i c r o v i l l i  
s u rro u n d in g  them. A 9+2 s t ru c tu re  was p ro b a b ly  ra re  
e xcep t im m e d ia te ly  above th e  basa l body. In  g e n e ra l th e
______
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s t r u c tu r e  i s  one o f i r r e g u la r ly  a rranged and in co m p le te  
m ic ro tu b u le s .  Removal o f  th e  e p ith e liu m  in c lu d in g  th e  
's ta b c h e n *  w ith  b leach  d id  n o t d e s tro y  a m echanorecep tive  
fu n c t io n  i n  sp in es  w h ich  may in d ic a te  th a t  th e re  i s  an 
in te r o r e c e p to r  concerned w ith  m e c h a n o s e n s it iv iy  p re s e n t.
The u l t r a s t r u c tu r e  o f  the  tu b e f e e t has been 
d e s c r ib e d  in  a l l  th e  c la s s e s  o f  echinoderm s. In  g e n e ra l, 
re c e p to rs  a re  p re sen t and appear to  be c lo s e ly  a s s o c ia te d  
w ith  mucous o r o th e r  s e c re to ry  ty p e s  o f  c e l l s .  Mucous 
c e l l s  have been d e s c r ib e d  i n  s t a r f is h  by Souza S antos 
( 1966) and more re c e n t ly  by M a rtin e z  (1977) who d e s c r ib e d  
s ix  ty p e s  i n  th e  tu b e fe e t o f Q p h io th r lx  frag ilig . Burke 
( 1980) d e s c r ib e d  re c e p to rs  i n  th e  tu b e fe e t o f  th e  la rv a e  
and a d u lts  from  a number o f  sp ec ies  o f  sea u rc h in s . 
These had t y p ic a l  c i l i a  th a t  p ro je c te d  3-4pm frran th e  
s u rfa c e  and were surrounded by a r in g  o f  m ic r o v i l l i .  
Bouland e t  a l  (1982) d e s c r ib e d  s h o r t  c i l i a  on re c e p to rs  
i n  th e  h o lo th u r ia n  H o lo th u r ia  f o r s k a l i  and proposed a 
p o s s ib le  chem orecep tive  fu n c t io n .  Byrne and F o n ta in e  
( 1983) showed 's ta b c h e n *  typ e  re c e p to rs  i n  th e  c r in o id  
F lo ro m e tra  s e r ra t is s im a  and n o ted  t h e i r  d o s e  a s s o c ia t io n  
w ith  s e c re to ry  c e l ls .  M a rtin e z  (1977) d e s c r ib e d  c i l i a  
w ith  a 9+0 arrangem ent in  th e  tu b e f e e t o f  ,.Q. frag ilis . 
These resem bled th e  re c e p to rs , w hich do n o t p ro tru d e  
beyond th e  s u rfa ce  as d e s c r ib e d  i n  th e  p re se n t s tu d y .
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The p re sen t stucty has shown, in  bo th  th e  sp ine  and 
tu b e fo o t re c e p to rs , th a t  the  m ic ro tu b u la r  arrangem ent 
above th e  c e l l  s u rfa c e  was n o t 9+2, bu t i r r e g u la r .  T h is  
was t ru e  o f  th e  re c e p to rs  where the  c i l i a  d id  n o t p ro je c t  
and th e  's ta b c h e n * ty p e . I t  was th o u g h t p o s s ib le  th a t  
t h i s  was a f i x a t i o n  a r te fa c t ,  b u t e xam ina tio n  o f  th e  
c i l i a  frcMn th e  e c h in o id  bucca l tu b e f e e t u s in g  th e  same 
te ch n iq u e  shows th a t  th e  s tru c tu re  was in v a r ia b ly  9+2. 
Two typ e s  o f  p re sum ptive  re c e p to rs , o th e r th a n  th e  
p o s s ib le  re c e p to r  d e sc r ib e d  below , a re  th e re fo re  p resen t 
i n  Q .o p h iu ra . 'S tabchen* re c e p to rs  o f  fu se d  m ic r o v i l l i  
o f te n  c o n ta in in g  a m o d if ie d  c i l iu m  w hich may no t p ro je c t  
and m o d if ie d  c i l i a  w ith o u t th e  s p e c ia liz e d  c o l la r  o f 
m i c r o v i l l i  th a t  d id  n o t p ro je c t  beyond th e  c u t ic le .  A l l  
a re  c h a ra c te r iz e d  by lo n g  c i l i a r y  ro o ts .  I t  was n o t 
p o s s ib le  to  a s c r ib e  chem oreceptive  o r m echanoreceptive  
fu n c t io n s  to  any p a r t i c u la r  s t ru c tu re .
R e la t iv e ly  l i t t l e  i s  known o f  th e  s t ru c tu re s  o f  
p h o to re c e p to rs  i n  echinoderm s. E ak in  (1966) suggested 
t h a t  th e  membranes o f  th e  p h o t ic  re c e p to rs  i n  th e  o c e l l i  
o f  a s te ro id s  were d e r iv e d  frcxn expansions o f  c i l i a ,  Penn 
and A lexander (1980) proposed th a t  th e  m ic r o v i l l i  i n  th e  
o c e l l i  o f  th e  a s te ro id  N epanth ia  b e lc h e r i were no t 
d e r iv e d  from  th e  c i l i a  th a t  a re  p re s e n t, b u t from  th e  
g e n e ra l c e l l  s u r fa c e . Ih e  fu n c t io n  o f  th e  c i l i a t e d  
s t r u c tu r e ,  -described  on page 79 and presumed to  be a 
p o s s ib le  re c e p to r ,  has n o t been id e n t i f ie d  u s in g  
p h y s io lo g ic a l te c h n iq u e s . There a re  however, s e v e ra l
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fe a tu re s  w h ich  in d ic a te  t h a t  t h i s  s t r u c tu r e  co u ld  
fu n c t io n  as a p o s s ib le  p h o to re c e p to r. An im p o r ta n t p iece  
o f  c ir c u m s ta n t ia l ev idence  f o r  such a f u n c t io n  i s  th e  
h ig h  degree o f  p h o to s e n s it iv i t y  o f  th e  a b o ra l su rfa c e  o f 
th e  arms, p a r t i c i ja l l y  th e  t i p  re g io n , i n  t h i s  o p h iu ro id ,
(S tub b s  1982a, and Moore and Cobb 1985a). D e sp ite  the  
p re se n t d e ta i le d  a n a to m ica l s tudy and a p re v io u s  s tudy by 
Stubbs (1 9 8 2 a ), no s p e c ia liz e d  s t r u c tu r e  o th e r  th a n  those  
d iscu sse d  have been d e s c r ib e d . The c i l i a t e d  s tu c tu re s  do 
n o t p ro je c t  th ro u g h  th e  c u t ic le  and th u s  co u ld  no t 
fu n c t io n  as chono- o r c o n ta c t m echanorecep to rs . The 
s t ru c tu re s  c o u ld  fu n c t io n  as p re ssu re  senso rs  b u t th e y  
have a s t r u c tu r e  th a t  i s  ^d is s im ila r to  o th e r  such 
re c e p to rs  (L a ve rack  1976). There i s  no b e h a v io u ra l o r 
p h y s io lo g ic a l ev idence  f o r  th e  presence o f  a p re ssu re  
re c e p to r  i n  t h i s  p o s i t io n  on th e  a n im a l. P h o to re c e p to rs  
i n  o th e r  in v e r te b ra te  p h y la  have been d e s c r ib e d  by E ak in  
(1 9 7 2 ). He d iv id e s  these  re c e p to rs  in t o  tw o ty p e s .
F i r s t l y  c i l i a r y  re c e p to rs  w h ich  have la m e lla e  p re se n t 
a s s o c ia te d  w ith  th e  c i l i a  membranes. Secondly 
rhabdom eric  p h o to re c e p to rs  w h ich  a re  a r ra y s  o f  m i c r o v i l l i  
o r  la m e lla e .  In  th e  p re se n t s tu d y , th e re  i s  a 
s u b s ta n t ia l membrane system p re s e n t, c lo s e  to  th e  c i l iu m ,  
b u t i t  i s  n o t d e a r  w he the r t h i s  i s  form ed by th e  fo ld in g  
o f  th e  c e l l  membrane o r in t r a c e l l u l a r  c y to p la s m ic  |
membranes. There i s  a p o s s ib i l i t y  th a t  th e  la m e lla e  l i k e  |
s t r u c tu re s  a re  G o lg i maabranes. The p o s i t io n  o f  th e  j
manbrane system d o s e  to  th e  basa l b o d ie s  o f  th e  d l i a  |Iand th e  p e r i# ie r a l  lo c a t io n  i n  th e  c e l l ,  away from  th e  i
n u d e u s , i s  how ever, n o t t y p ic a l  o f  G o lg i b o d ie s  i n  t h i s  |
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o p h iu ro id  (see S tubbs and Cobb 1982 ). A d e ta ile d  
e xa m in a tio n  u s in g  h is t  o lo g ic a l te c h n iq u e s , w i l l  be 
re q u ire d  t o  ;diow w he the r these membranes c o n ta in  p igm ents 
a s s o c ia te d  w ith  a p h o to re c e p to r fu n c t io n ,  o r enzymes 
a s s o c ia te d  w ith  G o lg i fu n c t io n .  F in a l ly ,  th e  c i l i a  
c o n s is te n t ly  la c k  a lo n g  c i l i a r y  r o o t l e t .  T h is  d i f f e r s  
from  a l l  known p resum ptive  mechano- and chem oreceptors 
d e s c r ib e d  i n  t h i s  and o th e r  s tu d ie s .  (B urke  1980, 
Bouland e t  a l .  1982, W h it f ie ld  and Em son 1983 and Byrne 
and F o n ta in e  1 983 ). The s ig n if ic a n c e  o f  th e  s h o r t 
c i l i a r y  r o o t l e t  i n  te rm s o f  t ra n s d u c t io n  mechanisms i s ,  
however, n o t unde rs tood . When ta k e n  to g e th e r ,  i t  i s  
suggested t h a t  these  fe a tu re s  may in d ic a te  th a t  t h i s  
s t r u c tu re  i s  in v o lv e d  i n  p b o to re c e p tio n . More 
s u b s ta n t ia l ev idence  f o r  such a fu n c t io n  w ou ld  in v o lv e  an 
u l t r a s tu c tu r a l  im m uno log ica l e x a m in a tio n  f o r  known 
p h o t ic a l ly  a c t iv e  p igm ents .
C i l ia  w ith  unusual s t ru c tu re s  have been re p o r te d  i n  
tw o o th e r  s tu d ie s .  Gardner and R e ig e r (1980) have diown 
a m o d if ie d  c i l i a  w ith  a 9+0 arrangem ent on th e  
e n d o th e lia l c e l l s  l i n in g  th e  tu b e fe e t coe lom ic  c a v ity .  
They proposed t h a t  these  may have a d i r e c t  s t re tc h  
re c e p to r  fu n c t io n  independent o f th e  nervous system . I t  
i s  in t e r e s t in g  to  note  th a t  S tra thm ann  e t  a l (1972) 
co n s id e re d  th e  p o s s ib i l i t y  o f e p i t h e l ia l  co n d u c tio n  to  
accoun t f o r  th e  re v e rs a l i n  c i l i a r y  b e a t in g  i n  la r v a l  
echinoderm s. Cobb and S tubbs (1981, 1982) d e s r ib e d  c i l i a  
th a t  were p re se n t on th e  c e l l  b o d ie s  o f  some e c to n e u ra l 
and hypo n e u ra l neurones. I t  i s  c o n c e iv a b le  th a t  these
r v
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m ig h t have been a s s o c ia te d  w ith  some re c e p to r  fu n c t io n  
and from  t h e i r  in t e r n a l  p o s i t io n  t h i s  was l i k e l y  to  be 
p ro p r io re c e p t io n .  These c i l i a  appeared to  be non
m o t i le .
I t  i s  n o t c le a r  w he the r a l l  re c e p to r  c e l ls  a re  4
c i l i a t e d  and th e re  a re  two l in e s  o f  ev idence  th a t  a re  
p e r t in e n t .  Kaw aguti and K ana tan i (1964) o r ig in a l l y  
proposed t h a t  a l l  e p i t h e l ia l  c e l ls  i n  echinoderm s were 
sensory and Cobb (1968) la t e r  proposed t h a t  t h i s  was th e
case on th e  p e d ic e l la r ia e  o f  E .e s c u le n tu s . Markel and
Roser (1983) proposed t h a t  th e re  was o n ly  one e p i t h e l ia l  
c e l l  type  on th e  sp in es  o f  E u Q id a r is  t r ib u lo id e s . T h is  
im p l ie s  e i t h e r  th e re  was no re c e p to r  fu n c t io n  to  th e  
s p in e s  o r a l t e r n a t iv e ly  i t  to o  was covered  o n ly  by
re c e p to r  c e l ls  and Weber and Grosmann (1977) i n  t h e i r  
s tu c ^  showed a m ix tu re  o f  c i l i a t e d  sensory c e l l s  and non 
c i l i a t e d  e p i t h e l ia l  c e l ls ,  th e  l a t t e r  b e in g
c h a ra c te r iz e d  by th e  presence o f  to n o f ila m e n ts .  The
second l i n e  o f  ev idence  was p ro v id e d  by B ouland e t  a l
(1982) and Fankboner (1978) who suggested  th a t  th e  
p a p i l la r y  c e l l s  o f  tu b e fe e t  and te n ta c le s  i n  h o lo th u r ia n s  
w ere  covered i n  m i c r o v i l l i  b u t la c k  c i l i a r y  s t ru c tu re s  
may have been re c e p to rs  o f  the  g u s ta to ry  ty p e .
M ic r o v i l l i  a re  c le a r ly  m o d if ie d  and in v o lv e d  i n  th e
s t ru c tu re  o f  many o f  th e  supposed c i l i a t e d  re c e p to r
c e l ls .  I t  i s  p o s s ib le ,  th a t  i n  some cases o n ly
m ic r o v i l l i  a re  p re se n t i n  re c e p to r  c e l ls .
— 89 -
There i s  some ev idence  th a t  neurones fu n c t io n  as 
n o n -s p e c ia liz e d  re c e p to rs .  M l l l o t t  (1968) suggested  th a t  
c e r ta in  neurones i n  e c h in o id s  may be p h o to s e n s it iv e  and 
M i l l o t t  and Colman (1969) d e s c r ib e d  a s t r u c tu r e  named th e  
p o d is il p i t  where a s u b s ta n t ia l b u t u n s p e c ia liz e d  p le xu s  
o f  nerve  f ib r e s  la y  beneath th e  e p ith e liu m . These 
a u th o rs  suggested t h a t  these  m ig h t be p h o to re c e p t iv e . 
P h y s io lo g ic a l s tu d ie s  on Q .o p h iu ra  a re  th e  o n ly  
u n e q u ivo ca l ev idence o f  p h o to re c e p tio n  and S tubbs (1982a) 
in d ic a te d  th a t  th e  nerves in  th e  r a d ia l  co rd  were n o t 
p h o to s e n s it iv e .  However, t h i s  does n o t exc lude  th e  
p o s s ib i l i t y  o f the  p e r ip h e ra l nerves b e in g  so. T h is  
s tudy has shown th a t  in d iv id u a l  sp in e s  were s e n s i t iv e  to  
w a te r  borne v ib r a t io n  and m echan ica l d is p la c e m e n t, even 
w ith  th e  e p ith e liu m  removed w ith  b le a c h . T h is  im p lie s  
t h a t  th e re  were re c e p to rs  w i t h in  th e  lig a m e n ts  w h ich  
m o n ito r  s t r e tc h .  Lew is  (1968) reached  th e  same 
c o n c lu s io n  a f t e r  a stu<fy o f  th e  u l t r a s t r u c tu r e  o f  th e  
e c h in o id  s p h a e r id ia  w h ich  fu n c t io n  as supposed g r a v ity  
d e te c to rs .  An e x a m in a tio n  o f  such lig a m e n ts  (Cobb 
u n p u b lis h e d ) showed a number o f v e ry  d i f f e r e n t  typ e s  o f  
nerve  f ib r e s  b u t no s p e c ia liz e d  e n d in g s . I t  may be 
concluded  t h a t  i t  i s  p o s s ib le  th a t  th e re  e x is t  
m o rp h o lo g ic a lly  u n s p e c ia liz e d  neurones w h ich  have a 
re c e p to r  fu n c t io n .
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The r e la t io n s h ip  o f  th e  v a r io u s  ty p e s  o f  presumed 
re c e p to r  c e l ls  to  th e  nervous system i s  n o t c le a r .  In  
th e  p e d ic e l la r ia e  th e  re c e p to r  c e l ls  were u n e q u iv o c a lly  
neurones and sensory axons co u ld  be dem onstra ted  as be ing  
d e r iv e d  from  them. Weber and Grosmann (1977)»  Burke
( 1983) and W h it f ie ld  and Emson (1983) used s e r ia l  
s e c tio n s  t o  dem onstra te  th a t  sensory axons w ere  d e r iv e d  
from  th e  re c e p to r  c e l l s .  O ther s tu d ie s  have no t 
in d ic a te d  t h i s  one way o r th e  o th e r, b u t some suggest a 
synapse may o ccu r between th e  re c e p to r  c e l l  and th e  
sensory axon. However, t h i s  has n eve r been 
s a t i s f a c t o r i l y  dem onstra ted . I t  i s  d i f f i c u l t  to  cu t 
s e r ia l  s e c tio n s  to  dem onstra te  th e  o r ig in  o f  sensory 
axons and i t  has to  be accep ted  th a t  t h i s  fe a tu r e  w ou ld  
be easy to  m iss  and d i f f i c u l t  to  id e n t i f y  in  a random
s e c t io n  s tu c ^ . In  v ie w  o f  th e  a v a i la b le  e v id en ce  i t  may
Ibe advantageous to  assume th a t  a l l  sensory re c e p to rs  in  J
ech inoderm s a re  neurones th a t  d i r e c t l y  g iv e  r is e  to  {i
The r e la t io n s h ip  between presumed re c e p to r  c e l ls  and "4Is e c re to ry  c e l l s  i n  some tis s u e s  has been commented upon by |
a number o f  w o rke rs  p a r t i c u la r ly  W h i t f ie ld  and Em son a
( 1983) ,  Byrne and F o n ta in e  (1983) and De Vos (1 9 85 ). |
These c e l ls  were sepa ra ted  by se p ta te  ju n c t io n s  and Green 
e t  a l  ( 1979) a s c r ib e d  a fu n c t io n  to  th e se  ju n c t io n s  
s im i la r  to  t i g h t  ju n c t io n s  i n  v e r te b ra te s .  Wood and 
Carey (1981) have d iscu sse d  in  d e t a i l  th e  la c k  o f  
com m unicating  ju n c t io n s  (gap ju n c t io n s )  i n  echinoderm s
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w ith  re fe re n c e  to  the  tu b e fe e t and suggested th e re  may be 
a n o th e r medhanian o f com m unication. I t  i s  p o s s ib le  th a t  
se p ta te  ju n c t io n s  may have some c o u p lin g  f u n c t io n  between 
c e l l s  as w e l l  as o c c lu d in g  e x tra  c e l lu la r  space.
The presumed re c e p to r  c e l ls  re p o r te d  i n  t h i s  study 
were w idespread  ove r th e  sp in es , pod ia  and a b o ra l areas 
o f  th e  arms i n  0. o n h iu ra . In  many o f  them th e  c i l i a r y  
s t r u c tu re  was m o d if ie d  fro m  9+2. I t  was n o t p o s s ib le  to  
a s c r ib e  a p a r t ic u la r  fu n c t io n  to  these re c e p to rs  based on 
m orphology a lo ne .
GENERAL DISCUSSION
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Any a n a ly s is  o f  th e  sensory d is c r im in a to ry  a b i l i t i e s  
o f  th e  echinoderm s, have i n  th e  past been based s o le ly  on 
changes in  b ehav iou r o f  e i th e r  th e  w ho le  o r d is c re te  
p a r ts  o f  the  a n im a l. The one sensory m o d a lity  th a t  has 
re c e iv e d  most a t te n t io n  w i t h in  the  l i t e r a t u r e ,  namely 
chem oreception , has been re c e n t ly  rev iew ed by S loan and 
Campbell (1982), who drew a t te n t io n  to  th e  in c o n s is ta n t  
and i n  some cases a lm ost anecdo ta l r e s u l t s  o b ta in e d  u s in g  
t h i s  approach. The re lia n c e  on b e h a v io u ra l c r i t e r i a  has 
been th e  d ir e c t  r e s u l t  o f  th e  d i f f i c u l t y  o f  re c o rd in g  
e le c t r o p h y s io lo g ic a l ly  from  the  nervous system s o f  th e  
echinoderm s. T h is  i s  due i n  la rg e  p a r t  to  th e  em ail s iz e  
o f  th e  neurones i n  most c lasses  o f th e  phylum . Brehm 
( 1975) however dem onstra ted th a t  s in g le  u n i t  p o te n t ia ls  
were r e c o r ^ b le  from  the  r a d ia l  nerve  co rd  o f  a 
C a li fo rn ia n  ^ o p h iu ro id  O p h io p s ila  .c a lif-Q r iiif ia  and 
su bsequen tly  Stubbs (1982a) c a r r ie d  o u t a p re lim in a ry  
s tudy on O ph iu ra  op h iu ra , re c o rd in g  a c t i v i t y  from  th e  
R.N.C. to  p h o t ic  s t im u l i  us ing  s u c tio n  e le c tro d e s . The 
o p h iu ro id s  a re  s u ita b le  p re p a ra t io n s  f o r
n e u ro p h y s io lo g ic a l s tu d ie s  due to  th e  p re s e n c e ,(w ith in  
th e  nervous system ), o f  'g ia n t *  nerve f ib r e s ,  th e  la y o u t 
o f  w h ich  i s  d e sc ribe d  i n  O phiura o p h iu ra  by (Cobb and 
S tubbs 1981, 1982, Stubbs and Cobb 1981). The presence 
o f  'g ia n t *  nerve f ib r e s  and t h e i r  s ig n if ic a n c e  to  th e  
o p h iu ro id  has been p re v io u s ly  d iscussed  by Cqbb and
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Stubbs ( 1981) .  The p re sen t use o f  s im i la r  
neu ro p h y s io lo g ic a l te c h n iq u e s  to  re c o rd  th e  responses o f 
D. o p h iu ra  to  c e r ta in  e n v iro n m e n ta l s t im u l i ,  has le d  to  
c o n s is te n t  r e s u l t s  b e in g  produced w h ich  d e fin e  the  
sensory d is c r im in a to ry  c a p a c ity  o f th e  b r i t t l e s t a r .  
C o n s is te n t re c o rd a b le  responses to  v a r io u s  le v e ls  o f  
s t im u la t io n  were made p o s s ib le  by c o n t r o l l in g  th e  o th e r 
sensory s t im u l i  p re s e n t d u r in g  e x p e r im e n ta tio n  and th e  
lo n g  te rm  a d a p ta t io n  o f  each p re p a ra t io n  to  th e  
e x p e rim e n ta l s i t u a t io n .
The p re sen t s tudy has shown 0 .o p h iu ra  to  have a h ig h  
degree o f  chemo-, p h o to - and m e c h a n o s e n s it iv ity ,  a l l  
th re e  o f  w h ich  p ro v id e  im p o rta n t in fo r m a t io n  to  th e  
b r i t t l e s t a r  co nce rn in g  i t s  env ironm en t. The s e n s i t i v i t y  
to  d i f f e r e n t  c o n c e n tra t io n s  o f  amino a c id  s o lu t io n s  was 
g re a te r  th a n  th a t  in d ic a te d  by p re v io u s  s tu d ie s  on 
echinoderm s. (R e im er and Reimer 1975, V a le n t in c ic  1975, 
1979, Z a f i r io u  1972 and C a s t i l la  1972 ). The le v e ls  o f  
d e te c t io n  approached th e  th re s h o ld s  dem onstra ted  i n  f is h  
(C a rp io  1978) and l i t t o r a l  c ru s tace a ns  (F uzessery  and 
C h ild re s s  1975). The s e n s i t i v i t y  to  sudden decreases in  
th e  am bient l i g h t  le v e l  o r shadow was v e ry  pronounced i n  
0. o n h iu ra  and i s  l i k e l y  to  be o f  g re a t  a d a p tiv e  
s ig n if ic a n c e  to  th e  a n im a l. Stubbs (1982a) showed th a t  
th e  an im al was a ls o  s e n s i t iv e  to  l i g h t  o f  th e  in t e n s i t ie s  
and w a ve len g ths  fou n d  a t  dep ths  a t  w h ich  b r i t t l e s t a r s  
commonly o c c u r. The s e n s i t i v i t y  in  th e  m echan ica l mode 
covered a w ide  range o f  fre q u e n c ie s  n o t o n ly  in  th e  near 
f i e l d  re g io n  o f  a v ib r a t in g  source b u t th ro u g h  th e  f a r
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f i e l d  p ropaga ted  p re ssu re  wave, to  th e  d e te c t io n  o f 
v a r io u s  w a te r  c u r re n ts .
There a re  two a sp e c ts  to  be cons ide red  when d e a lin g  
w ith  th e  d e te c t io n  o f  movement by the  b r i t t l e s t a r .  
F i r s t l y  th e  a b i l i t y  to  d e te c t movement o f  th e  
env ironm en t, hydrodynam ic d is tu rb a n c e s  r e s u l t in g  from  
b io t i c  o r a b io t ic  fa c to r s .  Secondly th e  d e te c t io n  o f  
movement i n  th e  an im a l i t s e l f ,  i t s  a b i l i t y  to  p e rc e iv e  
i t s  p o s i t io n  i n  r e la t io n  t o  th e  su bs tra tu m , ie .  
p ro p r d ecep tion .
I t  i s  p o s s ib le  t h a t  d e te c t io n  i n  th e  near f i e l d  
re g io n  o f  a v ib r a t in g  so u rce , p a r t i c u la r l y  v e ry  low 
fre q u e n c ie s , may be m ed ia ted  th rough  d e f le c t io n  o f  the  
lo n g  p r o je c t in g  c i l i a  lo c a te d  on th e  d is t a l  segments o f  
each arm and d e sc r ib e d  i n  th e  s t ru c tu re  C hap te r. The 
p o s i t io n  o f  th e  c i l i a  and th e  low  energy in p u t  needed to  
d e f le c t  such s t ru c tu re s  to  produce a response suggest 
d e te c t io n  m ed ia ted  i n  t h i s  way a ltho u gh  no d i r e c t  
ev idence  o f  fu n c t io n  i s  a v a i la b le .  O ther more g en e ra l 
movement o f  th e  env ironm ent i s  d e te c ted  by th e  p h y s ic a l 
d e f le c t io n  o f  in d iv id u a l  arm sp ines as a r e s u l t  o f  
hydrodynam ic fo rc e s  a c t in g  upon them. Removal o f  th e  
e p ith e liu m  and th e  subsequent i n a b i l i t y  to  d im in is h  th e  
reco rded  response to  w a te r m o ve m e n t,in fe rre d  th e  presence 
o f  an in te r o r e c e p to r  i n  th e  arm sp ines w h ich  may e x p la in  
p ro p r io - .  and g r a v ity  p e rc e p t io n  in  echinoderm s. Lew is 
( 1968) i n  h is  s tudy on sphaeridea  in  e c h in o id s  suggests  
th a t  i n  l i g h t  o f  th e  absence o f  s ta to c y s t  l i k e
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s t ru c tu re s ,  g r a v i t y  d e te c t io n  i s  m ed ia ted  by the  p u l l  on 
lig a m e n ts  as th e  sphaeridea  i s  moved. T h is  f i t s  i n  w e l l  
w ith  th e  ev idence  i n  th e  p re se n t s tu d y , where movement o f 
th e  an im a l and th e  env ironm en t, i s  co n s id e re d  to  be 
d e te c te d  by d e f le c t io n  o f  th e  sp in e s . In  .Q..,Q.phiu ra 
d e f le c t io n  o f  th e  sp ines  r e s u l t in g  from  in v e rs io n  and 
d e te c te d  by an in te r o r e c e p to r  w ould  p ro v id e  th e  an im al 
w ith  adequate in fo rm a t io n  co nce rn in g  i t s  r e la t iv e  
p o s i t io n .  Reese (1966) has re v iew ed  th e  s u b s ta n t ia l 
l i t e r a t u r e  on th e  r ig h t in g  response b u t how th e  a n im a ls  
sense t h e i r  in v e r te d  p o s i t io n s  and th e  s t im u l i  w hich 
re le a s e  th e  r ig h t in g  b e h a v io u r has a lw ays been 
c o n t ro v e rs ia l.  The in te r o r e c e p to r  neurone lo c a te d  i n  th e  
sp ine  may w e ll  be u nm o d ifie d  and to g e th e r  w ith  th e  
presence o f  m otor sensory and ju x ta l ig a m e n ta l nerves 
makes i t  d i f f i c u l t  to  p re s c r ib e  any fu n c t io n  to  neurones 
lo c a te d , and th e  an a l l  s iz e  w ou ld  p ro v id e  d i f f i c u l t i e s  i n  
p rodu c in g  p h y s io lo g ic a l ev id en ce .
The d is t r ib u t io n  o f  th e  re c e p to rs  o ve r th e  g e n e ra l
body su rfa c e  o f  a l l  tu b e - fe e t  and sp in e s  i n  .Q...Qphiura,
Ith e  presence o f  a derm al l i g h t  sense and th e  f a i l u r e  to  j
lo c a l iz e  re c e p to rs  in t o  d is c re te  s p e c ia liz e d  com plexes, |
f i t s  i n  w e l l  w ith  th e  b a s ic  segm ental p la n  o f  an |
echinoderm  nervous system proposed by Cobb (1 9 7 0 ). The ||
la y o u t  o f  a nervous and re c e p to r  i^s te m  in  such a way |
a llo w s  th e  b r i t t l e s t a r  to  undergo auto tom y w ith o u t any |1
g re a t d e tr im e n t to  th e  s u rv iv a l - o f  th e  a n im a l. The #
lo c a l iz a t io n  o f  p ho to - chemo- and m echanoreceptors  in t o  |
complex o rgans lo c a te d  on a reas o f  th e  t e s t  th a t  a re  I
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r e a d i ly  lo s t  as a r e s u l t  o f  Qutotomy would be o f a d a p tiv e  
d isadvan tage . The w idespread  d is t r ib u t io n  o f  re c e p to rs  
and th e  b a s ic  segm ental p la n  o f  the  nervous gystem 
p e rm its  lo s s  o f  a reas w ith o u t  s e r io u s ly  a f fe c t in g  th e  
fu n c t io n in g  o f  th e  n e rv o u s /re c e p to r systems.
The n e u ro p h ys io l o g i c a l s tu d ie s  were c a r r ie d  ou t by 
re c o rd in g  from  th e  in te r g a n g l io n ic  re g io n  o f  th e  
e c to n e u ra l p o r t io n  o f  th e  r a d ia l  nerve  c o rd . A l l  
e x t r a c e l lu la r  re c o rd in g s  were from  in v e r te d  p re p a ra t io n s  
to  f a c i l i t a t e  access to  th e  nervous system which l i e s  
c lo se  to  th e  o ra l s u rfa c e  o f  the  a n im a l. S tubbs (1982a), 
dem onstra ted  th a t  re c o rd in g s  frcm  an im a ls  re s tra in e d  i n  
th e  more 'n a tu r a l*  a b o ra l s id e  uppermost p o s i t io n  were 
s im i la r  to  those from  th e  in v e r te d  p o s i t io n .  However, i t  
i s  no t known a t  p re se n t w hether re c o rd in g  from  the  
b r i t t l e s t a r s  i n  th e  in v e r te d  p o s i t io n  a f fe c t s  in  some 
s u b t le  way bo th  th e  sensory a b i l i t i e s  o r th e  in te g r a t io n  
o f  the  nervous a c t i v i t y  w i th in  th e  nerve  co rd s . A 
com parison o f  re c o rd in g s  from  a n im a ls  in  th e  a b o ra l s ide  
uppermost p o s i t io n  i n  response to  v a r io u s  e nv iron m e n ta l 
s t im u l i  would  be o f in t e r e s t .
A l l  re c o rd in g s  were made from  a c la s s  o f 
in te rn e u ro ne (S tubbs 1982a), and n o t from  th e  re c e p to r  
neurones them se lves. U nequ ivoca l evidence from  a stu(fy 
on th e  sensory h i l l o c k  i n  p e d ic e l la r ia e  (Cobb 1968) has 
shown i n  t h i s  s i t u a t io n  th a t  the  sensory neurones a re  
d e r iv e d  d i r e c t l y  from  th e  re c e p to r  c e l ls  them se lves . I t  
i s  suggested th a t  t h i s  i s  th e  case w ith  sensory neurones
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in  a l l  echinoderm s and d iscussed  i n  th e  p re v io u s  
c h a p te r . I t  i s  no t f u l l y  unders tood  w h e th e r th e  re c e p to r  
c e l ls  a re  lo c a te d  in t o  a n a ll lo c a l iz e d  a re a s  s c a tte re d  «
o ve r th e  body s u rfa c e  o r fo rm  a s ig n i f ic a n t  p o r t io n  o f  
th e  w ho le  e p ith e liu m . D ire c t  e le c t r o p h y s io lo g ic a l 
re c o rd in g s  from  sensory neurones a re  d i f f i c u l t  because o f 
t h e i r  s m a ll s iz e  and d i f f i c u l t y  i n  id e n t i f y in g .
A natom ica l s tu d ie s  o f  th e  neurones in  th e  s id e  branches 
ru n n in g  fro m  th e  r a d ia l  nerve  co rd  to  in n e rv a te  the  
sp in es  and p o d ia  i l l u s t r a t e  t h i s  (Cobb and S tubbs 1981).
Axons a re  m o s tly  le s s  th a n  1pm d iam e te r and i t  i s  n o t |
e v id e n t w he the r th e  neurones in  th e  a ide b ranches a re  
them se lves th e  sensory neurones o r  an in te rn e u ro n e  
co n n e c tin g  to  th e  la r g e r  lo n g i t u d in a l ly  ru n n in g  neurones 
i n  th e  R.N.C,
I t  i s  h o t  appa ren t e i t h e r  how e x c i t a t io n  o f th e  
sensory neurones r e s u l t s in  th e  f i r i n g  o f  th e  la r g e r  
i n t e r  neurone s . The i n a b i l i t y  to  re c o rd  a ^a d o w  response 
when i l lu m in a t in g  o n ly  one segment (S tubbs 1982a) and th e  
need to  i l lu m in a te  more than  f i v e  arm segments to  produce 
re c o rd a b le  in te rn e u ro n a l a c t i v i t y  to  a l i g h t  'ON* 
s t im u lu s  suggests  th a t  these  in te rn e u ro n e s  may be 
d e p o la r iz e d  o n ly  a f t e r  the  re q u ire d  in p u t  fro m  a se t 
number o f re c e p to r  c e l ls  i s  exceeded. In d iv id u a l  sensory 
neurones may have a lo w e r th re s h o ld  o f  d e te c t io n  th a n  i s  
a pp a re n t when re c o rd in g  from  the  la r g e r  in te rn e u ro n e s .
However s in g le  sensory neurones may n o t be s u f f i c i e n t  to  
produce conducted a c t i v i t y  w i t h in  th e  la rg e  in te rn e u ro n e s  
fro m  w h ich  th e  re c o rd in g s  a re  made and t h i s  may o n ly
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occur a f t e r  th e  summation o f  th e  in p u ts  from  se ve ra l 
sensory neurones. The a b s o lu te  th re s h o ld s  o f  d e te c t io n  
a re  th u s  im p o s s ib le  to  re c o rd  u s in g  t h i s  te c h n iq u e . At 
p re sen t n o th in g  i s  unders tood  o f  th e  p rim a ry  t ra n s d u c t io n  
mechanisms in  echinoderm  re c e p to r  system s, how th e  la rg e  
lo n g i tu d in a l  in te rn e u ro n e s  a re  e x c ite d  and th e  mechanism 
by w h ich  th e  in te rn e u ro n e  sp ike  t r a in  c o -o rd in a te s
complex b e h a v io u r.
The d if fe re n c e s  between th e  th re s h o ld s  o f  response 
to  amino a c id s  o b ta in e d  u s in g  b e h a v io u ra l c r i t e r i a  and 
p h y s io lo g ic a l re c o rd in g s  may have been due to  th e  
in t e r a c t io n  o f  s e v e ra l fa c to r s .  F i r s t l y  th e  a rea 
a v a i la b le  f o r  sensory re c e p t io n  was in c re a s e d  i n  th e  
b e h a v io u ra l s tu d ie s  when w hole  a n im a ls  were used. T h is  
may have been s u f f ic ie n t  to  produce th e  a c t i v i t y  w i t h in  
th e  la rg e  d iam e te r neurones r e s u l t in g  i n  c o -o rd in a te d  
b e h a v io u r. Secondly as d iscussed  above th e  sensory 
neurones may w e ll  have a lo w e r th re s h o ld  o f  d e te c t io n ,  
w h ich  i s  n o t re co rd ed  p h y s io lo g ic a l ly .  L a s t ly  
o b s e rv a tio n s  have diown th a t  th e  d e te c t io n  o f  s t im u lu s  
may n o t n e c e s s a r ily  r e s u l t  i n  an o bse rva b le  b e h a v io u ra l 
change.
In  a d d i t io n  to  th e  problem  o f  c a n c e lla t io n  and 
summation o f  u n i ts  d iscussed  e a r l ie r  i n  th e  w ork , o th e r 
fa c to r s  may a f f e c t  th e  in t e r p r e ta t io n  o f  e x t r a c e l lu la r ly  
reco rded  a c t i v i t y  i n  te rm s  o f  a m p litu d e  and number o f 
u n i ts  p re s e n t i n  th e  response . C o n s id e ra t io n  must be 
g iv e n  to  th e  p o s i t io n  and a ttachm ent o f th e  e le c tro d e  on
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th e  r a d ia l  ne rve  co rd . A lth o u ^  each e le c tro d e  was 
r e la t i v e l y  la rg e  in  r e la t io n  to  th e  w id th  o f the  nerve  
co rd  and th e  la y o u t  o f  th e  g ia n t  f ib r e s  was c o n s is te n t 
between p re p a ra t io n s ,  th e re  was a lw ays a s l ig h t  
v a r i a b i l i t y  i n  th e  e le c tro d e  p o s i t io n .  ïh e  s iz e  o f a 
p a r t i c u la r  e x t r a c e l lu la r ly  reco rded  sp ik e  i s  dependant 
upon th e  s iz e  o f  th e  neurone in v o lv e d , i t s  d is ta n c e  from  
th e  re c o rd in g  e le c tro d e  and th e  amount o f  c u r re n t  leakage 
between th e  neurone and e le c tro d e . As th e re  were a lw ays 
s l ig h t  d if fe re n c e s  between th e  degree o f a ttachm ent o f  
th e  e le c tro d e  to  th e  nerve co rd , s p ik e s  o f  th e  same 
a m p litu d e  fro m  d i f f e r e n t  p re p a ra tio n s  may have been th e  
r e s u l t  o f  re c o rd in g  from  two s ize d  neurones a t  v a ry in g  
d is ta n c e s  from  th e  e le c tro d e . S im i la r ly  v a r ia t io n  in  th e  
amount o f c u r re n t  leakage and th e re fo re  s iz e  o f  the  sp ike  
reco rded  fro m  a g iv e n  neurone w ou ld  r e s u l t  frcm  
d if fe re n c e s  i n  e le c tro d e  a tta ch m e n t.
However, g iv e n  these  c o n s id e ra t io n s  i t  was p o s s ib le  
to  r e la te  the  la r g e s t  sp ik e s  re co rd ed  e x t r a c e l lu la r l y  
w ith  th e  la r g e r  more in te n s e  s t im u l i  p re sen ted  w i t h in  
each sensory m o d a li ty .  Under c e r ta in  c ircu m s ta n ce s , th e  
number o f  a n a l le r  p o te n t ia ls  decreased and o n ly  th e  
la r g e r  u n i ts  w ere  e v id e n t w i t h in  th e  response . The 
s ig n if ic a n c e  o f  th e  re d u c t io n  i n  th e  a n a l le r  a m p litud e  
sp ike s  w i t h in  these  responses i s  n o t u n d e rs too d . The 
la r g e r  s p ik e s  were conducted more r a p id ly  th a n  a n a lle r  
u n i ts  and dye - f i l l e d  neurone, s tu d ie s  (Cobb p e rson a l 
com m unication) have re c e n t ly  shown th a t  th e  neurones from  
w h ich  th e  p o te n t ia ls  were reco rded  e x tend  as much as
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th re e  segments w i t h in  th e  r a d ia l  nerve co rd s  and perhaps 
f u r t h e r .  I n t r a c e l lu la r  s tu d ie s  have a ls o  in d ic a te d  th a t  J
w i t h in  th e  shadow response, th e  b u rs t o f  la rg e  sp ike s  i s  1
composed o f  a a a a ll number o f u n i ts  w i t h in  th e  p a t te rn  |
w h ich  f i r e d  r e p e t i t i v e ly  (Cobb p e rsona l com m un ica tion ).
The la r g e s t  sp ike s  were a lw ays a s s o c ia te d  w ith  
s u p p re s s io n  o f  movement in  the  presence o f  a p o s s ib le  
th r e a t  to  th e  a n im a l. The in c lu s io n  o f  a s m a ll number o f 
r a p id ly  co n d u c tin g , lo n g  neurones w i t h in  th e  b a s ic  
segm ental la y o u t o f  th e  nervous gystem r e s u l t in g  i n  a 
more ra p id  response may be o f  g re a t a d a p tiv e  v a lu e  to  th e  
b r i t t l e s t a r s .  I t  must be remembered th a t  because o f  
e x t r a c e l lu la r  re c o rd in g  c o n d it io n s  th e  g e n e ra l 'n o is e *  
was o f  lOpv a m p litude  and th e  la rg e s t  re co rd e d  s p ik e  o n ly  
50jpv. As th e  m a jo r i ty  o f neurones a re  s m a ll, a 
s ig n i f i c a n t  p ro p o r t io n  o f  sm a lle r sp ike s  t h a t  may have 
been o f  im portance  were obscured in  th e  g e n e ra l ' no ise* 
o f  th e  response .
The d e ta i le d  c e l lu la r  mechanism o f  in te g r a t io n  i n  
th e  nervous qystem i s  n o t understood. Two b a s ic  ty p e s  o f 
conducted  a c t i v i t y  may o ccu r. F i r s t l y  th e  response may 
be in te g ra te d  in  th e  r a d ia l  nerve co rd  g a n g lio n  n ea re s t 
th e  p o in t  o f  s t im u la t io n ,  r e s u lt in g  i n  th e  tra n s m is s io n
/Jo f  an in te g ra te d  response to  a l l  o th e r  p a r ts  o f  th e  i|1nervous system . T h is  in te g ra te d  response w ou ld  c a r ry  th e  4
in fo r m a t io n  r e s u l t in g  i n  th e  re le a se  o f th e  re le v a n t  |
b e h a v io u r i n  each p a r t  o f  the  a n im a l. Secondly 1
s t im u la t io n  may r e s u l t  i n  a response th a t  as i t  passes 4
th ro u g h  th e  nervous system is  c o n t in u a l ly  m o d if ie d  i n  |
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d i f f e r e n t  p a r ts  o f th e  an im al w h ich  r e s u l t s  in  
c o -o rd in a te d  b e h a v io u r. T h is  may p o s s ib ly  o ccu r a t each 
r a d ia l  nerve  co rd  g a n g lio n . Stubbs (1982a) su gg e s ts  th a t  
th e  fo rm e r i s  th e  case and based h is  o b s e rv a t io n  on th e  
^a do w  response. A l i g h t  'OFF* s t im u lu s  produced on th e  
arm t i p  r e s u l t s  i n  a b u rs t  o f  s in g le  u n i t  a c t i v i t y  th e  
number, s iz e  and p a t te rn  o f  w h ich  i s  s im i la r  when 
re co rd e d  from  v a r io u s  p a r ts  o f  th e  R.N. C. i n  a w ho le  
a n im a l p re p a ra t io n .  S im ila r  r e s u l t s  were o b ta in e d  i n  th e  
p re s e n t s tudy in  response to  shadow, in te n s e  m e d ia n ic a l 
and s in g le  amino a c id  s t im u l i .  The o b s e rv a tio n  th a t  th e  
response i s  c a r r ie d  to  a l l  p a r ts  o f  th e  a n im a l in  a 
s u b s ta n t ia l ly  u n a lte re d  fo rm , i s  based on a response  th a t  
e l i c i t s  th e  same type  o f  b e h a v io u r i n  a l l  p a r ts  o f  th e  
a n im a l, i . e .  f re e z in g  o f  movement and w h ich  does no t 
n e c e s s a r ily  need to  be m o d if ie d  as i t  passes around th e  
a n im a l. However, responses reco rded  to  fo o d  ite m s  w hich 
e l i c i t  complex b e h a v io u ra l changes i n  th e  fo rm  o f  
lo c o m o tio n  a re  found  to  be s u b s ta n t ia l ly  d i f f e r e n t  in  
p a t te rn  when re co rd ed  fro m  d i f f e r e n t  p o s i t io n s  o f  th e  
a n im a l. T h is  i s  ev idence  th a t  in t e g r a t io n  o f  th e  
response w h ich  re le a s e s  d i f f e r e n t  b eh a v io u r i n  d i f f e r e n t  
p a r ts  o f  a m oving a n im a l i s  in te g ra te d  as i t  passes 
around th e  body. Stubbs (1982a) d id  i n  f a c t  show m inor 
changes i n  th e  p a t te rn  o f  th e  p h o t ic  response as i t  was 
conducted around th e  nervous ^^stem b u t p re s c r ib e d  i t  to  
d if fe re n c e s  i n  e le c tro d e  p o s i t io n .  I t  i s  n o t d e a r  |
w he the r sepa ra te  pathways w i t h in  th e  e c to n e u ra l nervous - J
system t ra n s m it te d  p h o t ic a l ly ,  c h e m ic a lly  and jIm e c h a n ic a lly  e l i c i t e d  responses o r w hether th e  system has |
■ii
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a more g e n e ra l r o le  i n  w hich in fo rm a t io n  from  a w ide  
v a r ie ty  o f  s t im u l i  was t ra n s m it te d  v ia  th e  same pathway.
Cobb and S tubbs (1982) d e sc rib e d  th e  anatomy o f  th e  
e c to n e u ra l nervous system w hich i s  composed o f  dense ly  
packed neurones o f  v a ry in g  d ia m e te r ru n n in g  
lo n g i t u d in a l l y  a lo n g  th e  R.N. C, as much as th re e  
segments. These neurones tra n s m it  sensory in fo rm a tio n  to  
a l l  p a r ts  o f  th e  a n im a ls . T u f t  and G i l le y  (1985) propose 
th a t  these  neurones a re  lo c a l iz e d  in t o  d is c re te  bund les  
and th a t  two ty p e s  a re  p re se n t w h ich  th e y  des ign a te d  as 
f a s t  and slew  co n d u c tin g  neurones. However, Cobb and 
Stubbs (1981) found  no a na tom ica l ev idence  f o r  t h i s  and 
re c e n t i n t r a c e l l u l a r  s tu d ie s  on th e  e c to n e u ra l nervous 
^ s te m  (Cobb 1985) sugges ts  th a t  th e  w ide  v a r ie ty  o f  
s t im u l i  a re  t ra n s m it te d  v ia  the  same pathway.
The d i f f e r e n t  b e h a v io u ra l responses th a t  were 
re le a s e d  a t  v a r io u s  le v e ls  o f  s t im u la t io n  suggests th a t  
th e re  was a h ie ra rc h y  o f  b e h a v io u ra l response i n
0. o p h iu ra  dependant upon th e  le v e l  o f  th e  re le v a n t  
sensory in p u t .  The o b s e rv a tio n  th a t  th e  shadow response 
was never s u f f i c ie n t  to  produce c e s s a tio n  o f  a c t i v i t y  in  
n u t r i t i o n a l l y  d e p riv e d  a n im a ls  and o v e r r id e  th e  fe e d in g  
response , sugges ts  a second h ie ra rc h y  o f  response th a t  
was dependant upon th e  n u t r i t io n a l  and p h y s io lo g ic a l 
s ta te  o f  th e  a n im a ls . The behav iou r o f th e  b r i t t l e s t a r s  
appears to  be v a r ia b le  i n  n a tu re  and dependant not o n ly  
on th e  in te r a c t io n s  between th e  v a r io u s  e n v iro n m e n ta l 
m o d a li t ie s  p ro v id in g  th e  sensory in fo rm a tio n ,  b u t a ls o  on
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th e  in t e r n a l  s ta te  o f  th e  in d iv id u a l  a n im a ls . TVo 
h ie r a r c h ie s  o f  b e h a v io u r a re  th e re fo re  e v id e n t,  th e  f i r s t  
re le a s e d  v a r io u s  s te re o ty p e d  responses dependant upon th e  
degree o f  s t im u la t io n  by a s in g le  sensory  param ete r. 
T h is  was e v id e n t when in c re a s in g  c o n c e n tra t io n s  o f  amino 
a c id  s o lu t io n s  and fo o d  ite m s  were in tro d u c e d  d u r in g  
w ho le  a n im a l e xpe rim en ts . However, t h i s  h ie ra rc h y  i t s e l f  
was dependant upon th e  in te r n a l  s ta te  o f  th e  a n im a l. 
N u t r i t i o n a l l y  d e p riv e d  a n im a ls  w ould  im m e d ia te ly  pe rfo rm  
s e a rc h in g  b e h a v io u r w ith o u t  th e  usua l arm w aving  o r 
c o i l in g  c h a r a c te r is t ic  b e fo re  a p p e ta t iv e  b e h a v io u r. T h is  
v a r i a b i l i t y  in  echinoderm  b eh a v io u r has been suggested by 
D ie b sch la g  (1938) who co ns ide re d  t h a t  b e h a v io u r was 
d e te rm ine d  n o t o n ly  by p h y s ic a l e n v iro n m e n ta l fa c to r s  bu t 
was a ls o  in f lu e n c e d  by th e  p h y s io lo g ic a l o r nervous s ta te  
o f  th ^  a n im a ls . The f a i l u r e  o f  v a r io u s  w o rk e rs  to  ta ke  
in t o  c o n s id e ra t io n  th e  c o m p le x it ie s  o f  echinoderm 
b e h a v io u r in v o lv e d  when s tu d y in g  th e  sensory 
d is c r im in a to ry  a b i l i t i e s  o f  t h i s  phylum , u s in g  
b e h a v io u ra l c r i t e r i a ,  may e x p la in  th e  in c o n s is te n c ie s  i n  
th e  l i t e r a t u r e .  S loan  (1982) su gg e s ts  th a t  
in t e r p r e t a t io n  o f  chem orecep tion  i n  th e  echinoderm  s 
re q u ir e s  c o n s id e ra t io n  o f  more v a r ia b le s  w i t h in  th e  
e x p e rim e n ta l s e t up, such as an a p p re c ia t io n  o f  t h e i r  
b e h a v io u ra l v a r i a b i l i t y  ra th e r  tha n  ju s t  a t t r a c t io n  to  
th e  fo o d .
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F u r th e r  w ork on th e  in te r a c t io n s  between v a r io u s  
sensory s t im u l i  on b r i t t l e s t a r s  m a in ta in e d  a t  d i f fe r e n t  
p h y s io lo g ic a l and n u t r i t i o n a l  s ta te s  w ou ld  be o f 
in t e r e s t .
The use o f e x t r a c e l lu la r  tech n iq ue s  to  re c o rd  from  
th e  r a d ia l  nerve  co rd  has p ro v id e d  an un ique o p p o r tu n ity  
to  d e fin e  th e  sensory d is c r im in a to ry  a b i l i t i e s  o f 
Q .oD h iu ra . D e f in i t io n  o f  how th e  v a r io u s  e n v iro n m e n ta l 
s t im u l i  a re  p e rc e iv e d  by the  b r i t t l e s t a r  and" how 
c o -o rd in a te d  w ho le  a n im a ls  b ehav iou r i s  produced in  
response to  them, w ou ld  f u r t h e r  in c re a s e  ou r 
u nd e rs ta n d in g  o f  echinoderm  b e h a v io u r. A n a ly s is  o f  bo th  
th e  e f f e c t s  o f  th e  le v e ls  o f  e x c i ta t io n  a lre a d y  p resen t 
i n  th e  nervous system a t  th e  onset o f s t im u la t io n  and th e  
e f fe c t s  o f  s im u ltaneous  s t im u la t io n  w ith  d i f f e r e n t  
e n v iro n m e n ta l param eters  may fu r th e r  d e fin e  th e  v a r io u s  
h ie ra r c h ie s  o f  response . I n t r a c e l lu la r  s tu d ie s  on the  
e c to n e u ra l and hypo n eu ra l nervous system s o f  0 .o p h iu ra  
a re  now ro u t in e .  The s tudy o f in d iv id u a l  e c to n e u ra l #
g ia n t  f ib r e s  w i l l  p e rm it an u nd e rs tand ing  o f  how sensory 
in fo rm a t io n  i s  t ra n s m it te d  to  a l l  p a r ts  o f  th e  an im a ls , 
and t h e i r  r e la t io n s h ip  w ith  th e  m otor responses w hich
r e s u l t s  in  b eh a v io u r i n  th e  a n im a l.
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